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Kwang-Hyun

Summary

I . Subject

A Study on Manufacturing Technology of Materials for Fine 
Chemical Industry Use

EL Object of Study

For the technical development on utilizaton of unused mineral resources, 
the study was carried out on the highly purification and mineral 
processing of domestic Sericite and Muscovite .This study was also carried 
out to make the functional materials for the use of fine chemical industry.

HI. Scope and Content of Study

1) A study on the high purification and mineral processing for sericite 
and muscovite.
2) A study on the surface treatment of fine particles of sericite and 

muscovite.
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IV. Results of Study

1) ED AX analysis on surface treated Mica shows that absorbed area on 
mica surface appears about 56wt% when reaction period of 75min..

2) The result on image analysis on the surface treated mica comparing 
with that of ED AX analysis appears that the material was stabilized 
when passing the 1st yielding point.

3) The dry process of surface modification on mica was applied by using 
<9 -composer. The result shows that whitness of the mica increases upto 
91 at 20min. grinding period.

4) Polymer microcapsulation was carried out on the mica surface. The 
result shows that materials appear excellent hydrophobic property which is 
one of important factors for making cosmetics.

5) Based on the applying test of mineral processing on Dong-jin mica, 
the result shows that high quality mica is recoverd. Especially .lithium mica 
produced in the mine will be further studied in the next year project.

V. Expective effect and Suggestion.

1) To establish technical process for concentration of Sericite and Mica

2) To establish technology of surfacetreatment of particles of Sericite and 
Mica.
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Table 2-1. Mica Estimated Reservoir Estimation of Korea (ti: 4 41# )
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4## ^4, 4^ 4## 414# ^^4& ^ W?}

4# 3# f ^ 4#4## ##4. &# ^^#4^^444 €&^#4 ^ 

444 W7M##4-44 4444 #4#^ ^ 4#4#%4# Fig 2-14 

#4.

Additive

Plastic Forming

Batching

Recycled
Scrap

Recycled
Scrap

Wet Milling

Direct
Granulation

Additive

CastingPressing

Filter PressingSpray Drying

Mixing De-airing

Starting Material

Classification

Surface Finishing 
coating

Surface Finishing 
coating

Final Surface Finishing and/or Coating

Fig 2-1. General Surface Treatment Processsing Flow Diagram
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Nucleation

Adsorption 
of toms

Growth

Coagulation

Washing

Recrystallization
Washing

Filterable
Agglomerates With 
Occluded Impurities

Coarse Particles 
with

Occluded impurities

Coarse Pure 
Particles

Fine Particles 
with

Adsorbed impurities
Stabilized Colloid

Nuclei colloidal Particles
Ions in 

solution

Fig 2-2 Processing flow diagram for the preparation a pure precipitation

4. 44## 4

4a4#4 4#4# 4# 4 4^#&

44#* 44m #44 ^ #4 ^7)s.Ai #4# 4444, 4
# %444* ^44. 44#44 444 4##4 44 4

4* 4 4 4-f #4 44# 44 44 37]s] #^44 *44 7}^44.

##4m(spray drying)4- 444 10—2044 44# 4^444

A>-g-s]ji $14. ^ 44 444* 4# 4m* %4# 4^444.

4 ##* #44#m#4 444m 4a 4 4#4#m*4

Mg-44W 44 #*444 4a4 444 #* #4# *4* 44 & 

a4#4. 4*4 4a #44#* <84 ##4A}#m ^-44437 &jt5]4
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.%14. °l 444 444 4 44# #24 42# 4 442 44447) 4

44 a# a (furnace HI 4 #4# #4-44# 444. 71-4 427} 24 4

HJ)2 47] 4)44 44 43-4 4# 4^44 44€ 44: 4:44: #4 7} 

4444. -8-4514 &# 44a# 444 411440} 447} »M)4o] e 4 

44 ## ##@H2#B) 4S444.

H 0( 20 °C )
Mg^HsCWz • 4H20(s) < 2 - > solution

( 4K500H)v MgO(s) + CO%,) + CO(g) + HzO(g) (2.9)

4-0-4a 4# 4# 44# 44#eJl* ##2224 4# 44as. 4# 

4 47] 4|s 42s #4444 444. #44 444 4 #41 ##44 # 

2#4 ^4447} 44:44. 444 -§-444 4t)1 #444. 4 444 4 

4 #44 #4#, 44# 4 #44 ts4H a?)4 *944 ## 44# 

44444 4-0-s]a $14. -0-4# ###7) 44 4# 43## 44# #

#44 42444 4 7)) (immiscible desicating liquid) 422 ##(^ ^11/4 4,

42) 44 #4444 444 27)# #44 441 422 #44# 3# 2

444.

444244(freeze-drying)44, 4 444 44(hexane)( 60°C) 44 4 

7}# 44 42s ##5)4 44- 4422 #2) 4444. 44# 444 4 

2# 444 47M4224 444 444 4444 447} 4444. 54 

4 ^4 42# #4 244# 44 44a# a44 #444 #4)5)# 4 

#4 444# 4#4.
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4. #-4 4

#-4 #4 (sol-gel processing)# ### #44 42:# 4144 3^3 4

# 4#(coating) 4 #41 4# 4*1# 4 44-71 444 444 44# 

#3. 44. #-# #444, #(sol)4 444 44 ##43 44#44 # 

4## 444 #444 3i-# 4 3 4444 4(gel)44 #3# 4444 

44# 4#4. #4# 444 444 44# 3.41 4444. 4# 4343 

#34 # #44 ns. #444.

444 4# 4343 4#4 4#4 444 444414 #4 44 4 

3 3 # 4 4 (tetraethyl orthosilicate)4 4##44 #4

4 444 4444.

(oc2H5)4Si + h2o (occasion + C2H5OH (2.10)

(OC2Hs)3SiOH +OH < dehvd^im^ (oCzHshSiO + H20 (2.11)

(OC2Hs)3SiO' + (OCzHsbSiOH <=> (OC2H5)3SiOSi(H5C2Q)3 + OH' (2.12)

#44 1# 4444 433# 4 3^2^ ^o] 4^444 3# #44 

43# 441-4 7Hr#44 444 44 444 # #4. #44 4#4# 

## # 4414 ##4 #4 ##414- M #4# 4 44 #4 44#

# 44. #3 444 ##444# #4 #444B.(boehmite) AIO(OH) #

# 44#4 #44334 4444. 4 44# 4444 4 #4 433# 

#4# 4#4#43 44 4-8-44. #444 (citrate) #444, #444 

#44 4 #44 47>44. 4444# ##44 43#4 4#4 #4 3 

(furnace) 433 ###33# 4# 4 4#43 ##44.
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- Z£ -

& % toHv -We -k-8-#-k%r k#4^# ### M3

#k-§-& bk E

bis

"5*Hr Us to k4skk ##-§- k# k-k t&b Fs-kw tth bFsk k -#-#4^ to 

t^iv-n # to |ZH 4s to 3‘Erlo4fl Fak lb Folk k tobr-R S -jv-k^

b#-§-4Y

4s#k #3FS 7b 45# 3^%r kk Us## kk^ %S%3 b%TSK%3)

(M Z) OI3H2I + (s^NErg <- (')GHN^ + <b3!SE

bb k & [wi? o k Iv-q-Fr #4^

k"5io b3kk 45 Bb klb-k 4a^4s-E k4slo 3„000I bk'm 7464$ R

bbkk kk

bfr-5-o fekWy lo^-g- Ibb Fstkta &1E b#Hs## k

IbFo hk -k^ ask kkkkk ### #4$b Wr 3g> kUs-g- lb##

(SI'S) (8,[QHfr + (S)ZOLL <- (8>0zHS + (8)nO!X

43# b &k& k^7kk3# #k#b b##k bb k 

lb37T to##4Ek ‘lo^#4ah k4sb lbk& 4<>hbta kUsk lb-8-# -@b 

b# irk-g-Fy Ua^H# ##Fy|R k#4$k #b& 3-8-# &k#

kkk tokiks-^-g-# &kb z



444 *4#* *7}g #44 M4 444 *#4# 4*# * 

$14. 4## *4 #* #4 ?fi^ 1 ~100MPa4 44# 7}g #?] 44 

71 180 - 700 #44 7>1^ 4 #4#4 *44 114 44## #44 * 

$14. 444 *44 3L714 ##g 44 44#4 4^4 w-g *£4|4 4 

54 4444. "r e44(hydrothermal synthesis)0]4 *£* °] 444 4

e] #44 *#-g 44 44## 4444^1 4#s]ji $14.

£# 44 444 u]H4 44)4 4-6-4 44## 444. 444 £* 

44#4 **4* ** 4 144# ** 4*4 *£4|4 ^4^ 4# 

4 44#* 4^4 4* *£44 444 44 3.7)4 444 44 44#

* 44444. 444*4 4* 4*44 444#(oxynitride)* Ji*4 4

* *47)o)1a-i 4-44 44# 44## 71-44££ 49444.

4*4 444 44°1 444 #4 4* 4# £4 444 4** * $1 

4. 44 #4 44 *4# *444 * 4# 4# #44*# 54 44 £ 

g£# 4*447-14 #4°]4 *44 4 * $14. 4* * 4^4 4# * 

£44 7f<g4 #44* £gg *** 4 4444 *#41* *4447] 

44 *471- 4 5*44.
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#1 3 ^ 4 #4 a#

4 1# US# *###

1. 44 #344

44#344#3# #4344# ## #343 ^1 4-8-34. ###33

# 33#^4 334 M33 #32 c3 #343 43344 44 #3# q 

33 44# 334 333. #3 C3 43[g-#3ii/ciif-#4], q3 433 [g~ 

#33/g-#34] 3 Aj^.^3. #333 3# mol# 3# 43& 3343 3 

#s 33. 433 #33 333 433 443^& #34 43 #3 #34 

3 334 37-133 43 33 33 34 334 3343.

371-3443 (33 443) q=Ko

€33

Freundlich3

Langmuir3

Radke-Prausnitz 3

q= HC

<7 = ^

Q mkC 
q' 1 + kC

___
Q~ 1 + kC*

44#34 434 #337] 3# #33 #4M z%33 37] 3# #44 

#33 44# BET33 3#43. Zis13, a# Freundlich33 #333-5. 4

443.
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*1] 2 4 ^44 ^44 #4

i. ^4

5# 3.7)7} 4-t- 4^ #44 to #4 4444 4 #444 to4# 4 

4# 41455 to to.

to r, to p4 44444 to pto 4 4 #4 444, 4# 44tos 

to to. °1 444 4444 f Fr t^s) 4444 4444, 4-8-4 

44 541- 4 44.

F = jcr'ip— p)g (3.1)

1 F5 444 444 4444 to4 444 4s, 44 4444 4#5 4 

44 4-8-44 44 R5 444 €4. s44 4#455 F4 R4 444# 4 

444 444 444 to V5 4444 44 444. Stokes# 4 4-f-, 44 

R# 4# 455 444 to.

a=6m/rV (3.2)

444 4 5 444 to# 4444 4 l.l, 4 1.24 # 444 F-R5 44, 

4#to V# 4#4 Stokes4 455 44^ 4" 814

y=-g^(p-p')-4- (3.3)
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4 A)^. A}#a}o| 17|#4 #7] #444 4th%4%4 Tilth# #

%14- %%453. 4%%4%4 p% #54 4% €■ 4543, #7]°] Tg

5 p‘% 20°C44 0.001205g/cnflS 4# 4% 444. 35} 44 p-p’# lg/cnf 

55 %x}A]7]%, g=980(cm/s^), 9'=1.81x10^ dyn-s/cnf (20X:4 #4)# 44

44, 4#4 44% 455 v# Tilth# 4 44.

y=1.2/xl0^ (cwA) (3.4)

444 4th%4%4 54 44 4#41# #444 444 4* #4 345. 4 

4a. 44, (3.4)4 # 3.444 # 4) V% %^4 2#4 4444 4455 4 

4454 94 7> 44. 455. 44-7} 4 44444 (rOO.l/zm), Brown ##

4 4%# #4# % $4 44.

%%, %#4 44444# 34%x}% 444444 45.7} #54 44 4 

4544 #44 444 t|4 ^ 37]& 4444 44. 4 4 44454 4 

4 44-44, 44444 -¥-#54 444# 34 44 544 44. 4 #4 4

44444 4455 44 44# 444 4## 44# # #4.

2. Brown ##

Brown ##% 444 Robert Brown0] ##4 44444 #44% ### 

53 #% 444 44%4. 4 #44% 4#(Bmwn ##)# 4^x}°] %.#%] 

°1 ##44 7]44# 444 % 4 44.

4% 4##4 %4 m4 447} %43 7}44%, 4 <844% ^44 4%# 

x}7} ##43 44 °1 ##444% #57} ###4 44 7]44 43 <8x}
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4 -§-3101 c 44. 4 4 034^ ##& 4# <I4i§^

444 444 44, W^4444lr (3/2)kT ( k: Boltzmann 4f, T: 44fr 

5)3. ^4# T 44. M, 444 ^$^§4^#45* v444, 4 444

(l/2)mv2A5 4444. 4 4444 444 44# 444 M444 4444 

444 345.3. s-4 M4 4# 4b4. 4

(3.5)

44 &#,

--iPF <3®

4 4# D44# m^l 4&#% fr57} ^i-4% Brown^r#4 4^4 ^

4£#457f 44^ 3& 4 4 44. Table 3-14 44 ##4 444 444

444 20)3444 ^4^r#4 #5# 444^4.

Table 3-1. Tge Abreast motion velocity of Eachh Particles

4 4 44#4 (g/;M#) (g/43.7}B&^) t84e# 45

4A 3.35X10^ 2.016 1900%

4^4
(44444)

1.66X1(4* 10s 8.54%

4% ixio"^ 6.023X1(4 0.00348%
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4# #4 Brown *5* 43 &5 °^W 44 15H N4 *54 45* 4 

sj-444-3 5*. IS] #54 554-4*1 4# 4 454 4# 41444 457] 

2] l* 45.443 44. 4 4, 44 *54 44°] 444 44 444 44 t 

7} 444 *°11 Nxl454 71-4444, 47115.4 3#4 &4 444 444 

4 44 4 04 #4 4* 7>44 44. 44=4 #44 444 5.4 444 45

44 4444* E44 44, E <xn°-5, E ^t^5. 444 44 44, 44 t7> 

1044 4* E* I0a5tifl7> 44 444. 4 444 4444= D* 4-0-44 

Brown*5°fl 4444 Einstein# 44* 45# 5 44.

3. Brown *54 44

4445.5. #4* 35*44 45** 4444, 5*4 444 444 *

45 4545 714 44471] 44. 4 44443 55 44* Brown *54 

444 4445 444

4* #4 44 4444 44=54 45* 7M44. 445. 545 444 

3714 457} 4454 5444 44. 4 44 Q44 4*5. L444 44 P, 

R444 44* A, B, 4443# Na, Nb 5 44 4 44* Brown*54 4 

44 454*5 L4* 45554 434 6*44* ts. 44. 4 4, Q44 

L44 *544* #45 t44 Qofl *4# * #44, L444 4* 445 4

4 WM *#54 4*444 44 4444 *47} 7}544:

A, B 4454 5 444= NaL5, 44 t44 Q* 5444 b#4** 454

5 444=Qab5 (l/2)NaL5. 4 4= 44. 44 44 B4444 A4444 44 

WM 4545 #^*r Qba5 Qab4 3*4 54*711 4544 (l/2)NbL5. # 

5 #4.
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Q# #444 A44 B5L 4 #4# #W#Qn# 44 ^#» ns] 4 44 

4 44 £ 4# # 44.

Qn = Qab — Qba = -^(Na — Nb)L

___1 Na — Nb T 2   1 Nb—Na T 2
2 L ^ 2 L ^ (3.7)

444 Lir 4# 4# 7>47>4 Na-Nb£ 4# 4# 4# 44 44, 4

44 4-4-4 44 44 # 4 44.

= 1 dN T 2
2 dL1^ (3.8)

44, Qn# #£44 4 444 4444# 4# #44 Pick 4l44#£ 4#

4 44 #44 # 44.

Qn = (3.9)

444 D# 444444.

44 Qn# #4 Brown##0!]4 #444 4# 44 443)## #44 4# 

4# 4-S. 44£ # # 44. 4 #4# #4#£ 44 4#4 44.

-i#i2 = -s"f'

L = S2DI (3.10)
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4 3]# g 444-41M1 4*4* 4

331, 441, * 4# 44 44441 444* 4 ** #44 *4# *

44 #*4. 44# 444 244 44 4444. 4 4 2?H4 444 4444 

#444, 444 4* *4 44447} 4*4 4-44 4# ##.3 4*44 

44444. *44-2-3. 4#4 44 *^* 4*, 44* *44# 3}* 4*4 

#4. 4* 444 4* 44*4 *44# 4* *4*3.4 *444 44 4 

*44. **4 4444 4* 444444 3143 #444 34444* 4 

44# 4*4.Ci4 3-1)

wVvv

pH —»

Fig 3-1. Specific adsorption of counterions in the stem layer changes 
the IEP in contrast to nonspecific adsorption

#44 3-44 4# 4* 4# 4*444 444 4*4 544 4*4 *3
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44. 3.7]7} 4# 4 #45 54444 44# 444 #^4*4

* m #5 $14. 44 414444 54445. 44 4 445 4# #44 

44 4*44. 4 #4# #4# 444# #444 4*4* 4 (444#^= 

4)4 *544. 544 44455* 44*7} 04 pH4* *4455 45, 

pH7> 4# #4- 444, #45 pH7> ** 4# #44* 4* 455. 44.

5. 442##

44444 #44* 44 2**4 4444 #4(5# 3-2). 444 4*44

* 48* 4 4444* 44 2**4 #44* *44 44 (C-44)4 44 

4* 44455 444 4*44. 4 44# 4*4* 44444 4444* 

44# 4* 4 444 4444445 4*7)444. 4 444 4414 444

* t-444* ^o4 445 ^54 7}## 444. 5.44 44^4-7} #44 

4 3 *#4 444 #44# 4## $)44 44 #4444, 444 #44 

4 4* 4** #444 #44* 4*4 44. 444 #44* 4# Stem# 

7I-4444 #444ji 4444.



— (CK

Diffuse Laye

Fig 3-2. Electrical double layer model for particle charging in a polar liquid 
and Gouy-chapmamn profile of the electrical potential.

3) 47] ^ 4 tilBll^l-Jl

V -g£E
W300)^

(3.11)

^ ^ SmoluchowskiS] <£3^ ^4. V3\ ^
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#33#, E# 34## Ail7], C# #3# #133# 43.

43343# #3# 53344# 534 #55 3344 $)43, 3#3 

#55 333 533# 344 344, «as #33# 7>3 533# 344 

33-34 4-8-# 343 43# 4= 33. 3:214, 43# 444 444 444. 

44-4 44 44 #444 3333# #44 444 2##4 3444 34

444 4447>44 4444 34 44 ?M 344 44 24444 4444 

4 2I-4 #3& 3333.

#33# 7}3 3:34 al, a23 27)1# 43347} #4444 e^3 4

El# #3 33-44 34 34# 7M33(Fig 3-3). 4 3^}#4 #44 34 2

#44 #44-31 34-. 4444 3#34 #-§-344, Stem##4 #57)#7} 

h#2 3#, 344 #J:3-§-55 33 33444 Vr* 5433, 3#3 4#

445 4 #33.

sa\a2 (<p\2 + #is)[
4(«i + a2) 
t l + exp(— xh) 

1 —exp { — xh)

2^13^23

+
(^13 + 0%) 

ln(l —exp( —2x/z))]

E i(fft)(A+*[

In 1 + exp (—xh)
1 —exp ( — xh)

203fe
( 4>13 + ^23)

ln(l — exp( — 2xh))]

(3.12)

(3.13)

444, <Pi3, ^23# 443#4 #4 1, 2 4 Stem### 3333.

4(3.12)# #7}7} e#34 ##7} 343 4#, 4(3.13)# 3333#57}

#43 4## 3333. 3### 4# Stem### #47}#3 ?3#5 3# 

4 3## 4333.
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diffuse layer
Fig 3-3. charge double layer(DLVO).

6. %

4 444 44 H 4444 $14, 4444 44# 434 %

$1# 3.711- 7>4 4=44 444 #4%4. 44# 444444 I2.&4 A}o]

4 444 o]^o] 2]-g-S>7l 4#44. 4 xl^'c: 44444 54# #44# 

#44 #M4# #443 $1# #4444 4444 44443 44 444 

#444. 444 44435. 4444 44 444. #4 4444 i-g-

44 444#4 444 444 3444 $14.

- #44-#44 44

4444 444 #3444 44%443 4 ia>7> 4#444# 7>4s $1# 

4

- 4344

44444# 443 $14 444 44% 44# 4444 44# 44444.
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- London irtM

42444# 7>x]x] ^x}##4 y^o] London# 4* 444

44 4444-3. 44444. # 444-441- /Ml 4 443 4444 444

24 4444 44-/1- moment?} 4444 44444 #4444-3 444.

^4, 4444 #4 43 444 2^4 44444 #44442 4-§-4 7} 

44-44, 4 3/}4 #3 7-144 7#4 44444 444 44?} # 41# #4 

3.7)7} #44 4244.

#4 al,a24 4 7fl4 2##x}7} 44 #4 444 E4444 h7> #x}## 

4 444 #44 4# 422 4eS-8- 4(Fig 3-4 #2), 4444 4-0-4-c 

London 1444 4# 444 Va# Hamaker°fl 44 4#4 4°] 4-4-#4".

Va A &1&2
6h ax + <22 (3.14)

4 444 Air Hamaker 442, 44 #44 4-f 2# 10 13 - 10 12erg#24 

4}# 444.

Pat Ucl

Fig 3-4. Surface Electrical Adsorption Energy (particle surface charge is 
repulsive if they are same charge)
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#4444# #M##4 444# #s#s # ## 4

44 ##| #44# 444# 44 Hamaker4# AS #-#44. #7)4, 4## 

4 Hamaker 44# 4444 44 #4 44# 44# 4 #4. 4414 27} 

#44 3^] zi# 1-104 44# 44 44 4414 27} 4444 #4# #4, 

4 444 4444 #4## s## # 4 44. 4 Ai2, Ass, Ai3 4 Ass# 4 

414 2, #444 #44, 4414 #44 4 #424 #44 44 4# #44 

4 Hamaker4## 4444. #44 3## #41, 24# 44 Hamaker 4# 

A'# 4## 4AS 5444.

A — A12 + A33—A^—A23 (3.15)

#4 14 2# 44# 4s4#°l 14 1, 24 24## 4s44# 71444# 

s 71444

A — )/ A11A22 (3.16)

s 444 4 #4. # 7>4* 4444 4(3.15)# 444 4# 5444

A — (]/ An V A33XV A22 V A33) (3.17)



A'o] 34 El 4(3.17)4)4

An<A33<A22 4 A22<A33< An4 4-r, A'<04 44 H444 4314 #5^*1 

4453 ##4# #4# ^f4 1H«.

7. DLVO 4 #4 444 444 #4

#545 444444 44444 4444 44 2##4) 44 444 ^ 4 

444— 44°] 4444. 444 2##4 13414 4444 Deijaguin4 

Landau 4 Verwey4 Overbeek-tr #44 #5# 445. 4444 ?&# 544 

#345# 4454 444 44ir 44 #1)453. #44^4. 4 4444 

4 444 44-#4 4## 4-4 DLV04444- 4-OT.

#3.45^4414)4 4444 4-8-44 444 4444 45 44 4144# 

41 44 4444 444 W4 4-54-8-41 44 44 4144 VT# 442# 

#44 4441 44 4144 Vr4 4444544 VA4 #53 5444.

VT = VR+ VA (3.18)

Vr4- Va# 444 44 h4l 4444 Fig 3-5.41 54444. 444 271)4 

4144 #44 ## 4# # #4-.

- 47 -



Fig 3-5. Van der Waals Attractive Interaction

8. 444444 544 4% 314 544 9-2:

4444 5444 V-444 545 454 4&5 444 M. +

$14. 4 444-44:4- 5s. 544:4 444 ^444 5-4-44 $14 4 54 

4-445 444 #44 44)44 4(3.19) 44 444 4 $14

z? Gadh = res - ycl - Ysl (3.19)

74 44444 44444# 4444 444444 544444 444 

54444H4 4#44, v.414 544444 #4#4# 545 4444
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4 4# 5

4 i 1 4-^

i. #&4&4 #s]### 4# #-9

& 41341 ^H-4 #&4&9 945 3##9 449 &J5L##4| &94 

9#54&# /}#4^4. Table 4-1 4134 A}#g 4&9 4139=4] #5 

€994 #5# 3f=*M 944, l4^1-#9 9 49#4# 44 Tyler 

serve# 4-§-9°] 9595- 6 mesh ~ lOmesh ( 2~3mm )4#9& 944

# 9^Jt, 4# #^-4^ gl Decantation93a^ 4s]44 a#^# 438

4. 44494# 9947] 444 341 4444 44

4al $14 H44 4## 4#44—4, 44444 Sodium hydroxide!94

Junsei che.4) 4 7M"#949 4#4c #9#5# 24 #44(94 Elga 

441)# /'H-44 934^4.9344 ^H-4 #a494 44-#494 9! 

XRD 4&4 44 49 Table 4-1, Fig 4-14 44. 49 #44444 44 

ojs. J&4 FegOb 4 4#4 0.2%444 449#9# "4 # #4. 4# #2. 

€944 94 4#9# 444 4, 9#99, 434# 9 4#49 49 # 

4 #43# TjHg-ajka #4 44-444 &4 # 44-94 44431*11

4# #4%4# 49947] 49 935^. 4# Fig 4-24 99#994$1 

Cascade3 #7]#994# 4#44 2.#5# 4# ##3 & 54#4.

Table 4-1 Chemical composition of Mica

comp. SiOz AlzCb FezOa CaO MgO KzO NazO Ig.loss

Mica 75.36 16.20 0.19 0.20 0.09 4.65 0.24 2.67



Fig. 4-1 XRD Pattern of Purified Mica and precipitated Titanium oxide

Fig. 4-2. Overview of Cascade Type Airclassifier such as Z.Z. Separator
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7}. 444

Ti0S04 • 2H2O : 44 HA> 4#

SnCk : 44 14(45; 95%), Junse! che. Co. 

Urea : 44 14. #444 

Oleic Add : 4 4 14. #444 

Sulfuric Add : a] 4 14. #444 

Hydrochloric Add : a] 4 14. 4444 

Ethyl alcohol '• a] 4 14. #444

TiOz : Ti-pure DupontA]- 

TiOz : p25. 0.03 n m Degussa.

TiOz •' d4.23. Aldrich che. Co.

4. 444

Particle size analyzer : MalvemA} Master Sizer. 

Particle Multi tester : Seishin MT-1000 

Mechanical stirer •' Kika Lab. 100~30,000rpm 

Ultra sonic cleanner : Branson 1210.

Micro vision system •' Hirox MD3, Image-pro 

X-ray Diffractometor(XRD) •' pillipsAf 

Scanning Electron Microscope(SEM) JeolA}

Zeta Potential : Zeta meter 

Drying oven : 4444AM1. Circurate type.
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2. 3*a.3&4 3# #3

# o||A) A}JgL# Al^ir 3 4- ^4 449434:44 3###

443.4 #214 33# 5.3# 4 342. 32.5 434 4 #4, 43, 

*#5#4 4^ 4444 3:4 &33& 434 #4 444 44444 

4St 3444 3-330.3.5: 443 43### 342.# 43# 4 %1

4. 4 3-#4 40344 3344 fissure zone0] 3344 4 34#

44 ^3=4 4344 3342.5. 434 #4 44* 2.44 443 3

3 3&4 #43 3## 0}e|j Table 4-24 4*4^4.

Table 4-2. chemical Analysis of Sericite Ore

Product
Chemical Composition

S1O2 AI2O3 FezOa CaO MgO KsO NazO Ig.
Raw
Mat.

60.01 21.43 1.32 1.48 0.97 7.13 0.41 725

44 334&# &44#3 344as 304^4 3 2.34 333 4 

433# 44 33# 343#4 #43 3#* 4* Table 4-3. 4 

#5#3# 4* Fig 4-34 "r# 4314.

Table 4-3 Chemical Analysis of Purified Sericite

Product
Chemical Composition

S1O2 AI2O3 FezOs CaO MgO K2O NagO TiOg MnO P2O5 Ig-

Particle
size

48.48 32.15 1.27 0.86 1.50 9.47 0.37 0.35 0.042 0.043 5.3
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Fig 4-3. Size distribution of Purified Sericite

Fig 4-344 ^4 44# 4
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Table 4-4. Isoelectric Points of Oxides

Material Nominal Composition IEP
Muscovite KAlaSiaOu-HzO 1
Quartz SiOz 2
Delta manganese oxide MnOz 2
Soda lime silica glass l.OONazO - 0.58CaO - 3.70SiOz 2-3
Albite N%0 - AI2O3'6SiOz 2
Orthoclase KgO - AlzOa - 6SiOz 3-5
Silica (amorphous) SiOz 3-4
Zirconia ZiOz 4-5
Rutile TIOz 4-5
Tin Oxide SnOz 4-7
Apatite lOCaO - 6POz - 2HzO 4-6
Zircon SiOz-ZrOz 5-6
Anatase TiOz 6
Magnetite FegOi 6-7
Hematite aFezOs 6-9
goethite FeOOH 6-7
Gamma iron oxide rFezOs 6-7
Kaolin (edges) AI2O3 * SiOz • 2HzO 6-7
Chromium oxide a CrzOa 6-7
Mullite SAlzOz-ZSiOz 7-8
Gamma alumina T'AlzOz 7-9
Alpha alumina a AlzOz 9-9.5
Alumina(Bayer process) AlzOs 7-9.5
Zinc oxide ZnOz 9
Copper oxide CuO 9
Barium carbonate BaCQa 10-11
Yttria Y2O3 11
Lanthanum oxide LazOa 10-12
Silver oxide AgzO 11-12
magnesium Oxide MgO 12-13
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2) 4%4 

0 #434 4 2

## #44c 3^2, 44 #44# 325mesh33# #443# 4^ 3

4 g.#44 # #^44^ 43 4# #44 4334 4a# 43 44 3 

3# ^42344 #43 -8-3# 343 #34 <^4 2-3mm7} 4

5.# 434. 3^3 105-110t44 343 3344 3444. 33# 343

4 #43% 4 2343#4 2#o1 44.

0 434

44444 44 44442 4444 2#4# ^4 #4 #44 #4|3 

4 44 4444# 4-8-44 44 34 44443. 4444, 4 4444

4 n(OH)4 -8-4# 43 moM4 44 3#437}34, 44#3# #*94# 

4. 44 244# ^H-44 4444 pH, #e# ^ 4#444 ^3# 3

443 43# 44 4-8-444 44 4# 3444 3°1 44444.

@ #4444 334

#444 34# 3344 ^# 4 lmg44 #4# #443 4444 <r 

## #344 433444 33#3= #4% n^44. 23 #4444 # 

-8-4 #434 4#4# ppm344 34 #34, 4#4#4 424#

0.06-5 3444 44. 44 #-M#44# #44 #34 44# 4 #433 

44 23^)4 4444, 4# 23#43# #43 444 444# 419 # 

23 ### 43 # 23 #43# #4^r84.
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0 #4^.414 434)4 3#

#4^4)4- 434)44 ### #4^0 4 4 &## 4)44 #44 147} 4 

#4 34 4 s# H434. #343 f7)# ## #4- 3#<44# £3 5 

#4 ^-f- #4^034) s## 4)44 #34 S3. 1-2434 4i-£l^4.

# 33# 4#3 #344# 4 15~75#34 #3#4 34«) ^33 # 

4441# 344) 3s4, 444 4 4343^4 #4 33# SEM3 4 4 

33344 33S& 4)4433.

@ 44 #2)&4

44 #4 to# #444 4331- 4444 444 4# 44 44 to

#44# #4a #444. 433 #444 33#43# 4#4# 44 #

44 #444 #4% 334# milli pore Slter## 4#4# 44 444

44# 444 44€ t &S3 #44444 44444 3##4 44# 

444 micro pore filter# 3444 44#4 3:4# 3 4 $13.

^ 444 44 #444 3# #44 

l#4 #444 444 #444 4= to 4#43 #s# 3fs 44 4 

4s 33(47M) 44# 44 ###44# 4444. 344 444 44 

44 #4##4# 5714 s 44# f 3S3, # 33444 #4444#

Freundich3# 334 Gauy-chapman#43#3# 4 #4 4 #4# #4# 

434 S3. 3#4&S4, 4# #4 #444 4 a.444 334to #4.



2. 4^2.4 4^ ^

7}. 44#

445, 2*844 £4°11 X><M<y olAl-^El^-i: A^srM 4#2.S] £ 

4 #4 44# 444^4. 44422 44 44-4 7}^-4-4jl 444 

4 <8jew14 10:1 444 424# 44 44144 44 44-. 44 Fig

4-4. 4 4 4444 4-§-4 44- Dupont# 414 R90244 444^^4

44 4 4444 4444 <824# 4444 2-=84 4*844 4 20:1 

4 424# 71^4 # f $14.

Fig 4-4. Particle Size analyser.

4. 4 4 #4

4 44444 442 142 &4;H4 44 <4144444 44# 2 <8 

4, 4*8444 2444 4^4#*# $14 44 4^4^ 44#

4w Fig 4-6. Theta Composer# 4444 &444# 4®S 444.
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Fig 4-5 Size distribution of Titanium Oxide
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Fig 4-6. Overview of Theta-Composer(Model HTOLab)

yot"7] Fig 4-6.44 theta Composer^- 4& Fig 4-7. 4 7^5.0])

4 #4 44^4-# 7>4 3l4-§-7]ifl4 44 ^ s.

^4 3.^7} 24 #414

41 A] s}a. 4 4| -g-7] 5 rotorTl# (0.5mm) 5 4-4171- 71#

4 ## 4# 547H Ml- #### 714144.



9^ ^4^ 7^324] 4 vessel 4 mtor^ 3|44 4^1 #4

1§-^s 2^#^| ^#o| #4 44x1 4^^

943}9# #9$A4.
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4 5 ^ 14 S 3.#

*11 1 ^ 4-E. oa^>s) Sti 711=8^

1. es <M4 sy7M.

4^44444 ^H-4 M

444 44 4-8-4 4 14- 44^44 4-8-4 #4 44$4.

Ti(OH)j + 2HzO ^ TiOz + 4ROH (5-1)

Fig 5-1. The first treatment of Mica surface by TiOz
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2. 54 4=5= 6|

5454 454535 544& 47147] 44)4# 7}%:% # ^3=4 ^ 

47)]# ^1544 #4 334# 34 54344. 541544 545 454

544 54 #44 M^l 44S5A5. 4## ^] 4tS #4-44 4 

4.

#,

7} ) 5441 544 454544 454# 5S 

4 ) 544 41545&4 44531

4 ) 544 44-5453.4 544-1-4£

7} 445]s. 4 4£ #44 7># #4 43# 7}# 444 44 444 4 

£7> 44# 4#4. ^44^5- 4 )4 ^4-5# 44 4 5445 5&# 

4f #44 7} ), 4 )4 ti]H7> 44 &#4. #4 #44 45 4444 

454# 7} )o] 54#s.§ 444b 44 t£.HS., 5444 44454 

445: #4 431 35445 #54 55=5 54414 44.

3. 45, 45 5444 5455. #4

45, 45 5444 44 4 44 45454 444 3 #4 #4 144

44& 434# 354# 33544 34&54 5444 444 7}#5

4. zts)5 5444 5444 455 31444 5455 4445S #4 

44 444 545&4 535 344.
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4. #444 5.44 £ -potential E4

7} ) mortar-E E#E4 A] EE 4-#?t E EE4E5- 3um°l 44 °d EE

4 ) 444 ^4# 4&4 #### 0.1%( by weight)4 #44

& ##4

4 ) #7M14 #4# ##4^- ### 45 4-# 4# #^4

#44 E##4.

4 ) 4 #44# Zeta-#4 4## CeU4 ^## # Zeta-meter# AH-#

4 #7l d|-o"E(Electric mobility) 9c Zeta-#4# E4 ¥>4.

4 ) 444 ^## 444 #54 444 4M4 # 44^4- Zeta-# 

444 44# 5&& ###4.

5. 44444 #44 44 ##E4

#4#4##44 714-E 7K^EH 44 44444 444 44ES

# # ^E4, 4# ^## #44 444(44#)# #7}#4 ## ####

# #444# #44 4#44. # gg #44# #44# 4#5E4 # 

4 #7}sHr 44 444 44##(7}##4)#4 444 #4#44 #4#

# 444 4444# ##E3.4 444# #4## 44#4 E444 4

##44 #5.7} 4# 9}# #444 #4#7} 44 444 4##41

44 ###4 7H47} 4^E 4###4 44444 444E5E ###Ji 

444 4# #7}^### 44#4 44. 44#4 444# #7}^ g;44 

444 zeta-potential 9^ DLVO 4 #4 47144 5# #4-4 #44
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4# 54;H4# #54# 4444.

4 #44 #4 #4#4# 4457} ^)4#4#4-(Dynamic

Electrical Phenomena of Surface)# 4^4# # 4444# #459.

4. °i# 544 444444 #44# 44# %# 4#4-4#°] #444, 

4454# ##s|oi4 54 4445W#- #5^144.

54 4445.4 Gouy-chapmamn4 44471°]^# °]4# 4444 44

44(044 #444 #4444 4444# 444554 $444 45

3 #4## ## "r 85 44# #sl# 44-55 44, #5 91 4444

444 >11444 #4 44b Fig 5-2. 4 44484.

£5444- 44444 444 $444# 44# 44 Fig 5-244 44 

8^4 pH 3fe44 #5444 5444 #44 8 4444# 5444 

4444 #457} a4 448## 54^4,4##444 44 ### 4 

444 544#o] 444# 4 4" 84. 4# Temple C. Patton#4 84

4 44# #44 4a$4H5 44484.
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Fig 5-2. Measurement of Zeta-potential between TiOs and Mica

6. 4 #4 4-e 1414

#!4##!4 4# M&#4 44444 4# 41

Fig.2 4 44^ %4. 500ml414^4 SMI# M 3gr
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30M4& %#4^4.

44 15, 45, 753-#*M ^&4&# 4^)44 3.4 ^ #4447)4

44 24 ##4# 4-S-44 #4444. 4w Fig 5-3,4,5,64 44441 5 

17H4 tes) 7M441- SEMa>4 44as. «f)44 444.

Fig 5-3. SEM Image on the Mica Surface as a function of various 
time differences.
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Fig 5-4. SEM Image on the Modified Mica surface such as 
15min treatment
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Fig 5-5. SEM Image on the Modified Mica surface such as 
45min treatment
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Fig 5-6. SEM Image on the Modified Mica surface such as 
75min treatment
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88 Fig 5-3. 44 >£# 44 84 27] 15#8 SEM48844# S7] 4 

471- 4484 #287)-4 4833 ^44 4#48 48°1 ^44

334-21 3## 8 4 44. 4# &7] 444 ffl}27ii 44s]2i 444 & 

4 4°]2i 44 44 3# 48#44# 4 ^4 44* 40.3. 44 4^M 

a?]?} 44 3337}# 48 % Fig 5-6. 44# 44 2144 8# 84-# 

421 8## 844^1 84483.

44 8# 444: 444-7] 444 4 4838^- #345.# 4-4&4 4 

44 EDAX44# 8444 #445# 8433344 #345 4444 

44444 3714 4.# #334# #345 8848# 3# Fig 5-7. ^ 

Table 5-1. 4 44484.

4# EDTA4 4444# #3#8 #3#5 #44 8*5.4 844 7]4 

44 #44 84 #44# 3# #3 4444 844 88844 4 #4 

3^#8 #447} #43# 835. 4853 844 84 444# #44 

344 4- 453 3444-8 #4# 8444 488# #44 34 #33

8#43.
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co —1 st____________ co—2nd____________ co—3rd
Stats Area

Min 10
(Obi.#) 91

Max 194422
(Obi.#) 1

Range 194412
Mean 2298.511

Std.Dev 20600.86
Sum 202269

Samples 88

Stats Area
Min 10

(Obi.#) 143
Max 13102

(Obi.#) 297
Range 13092
Mean 127.4082

Std.Dev 713.21 34
Sum 99888

Samples 784

Stats Area
Min 10

(Obi.#) 87
Max 13960

(Obi.#) 488
Range 13950
Mean 167.828

Std.Dev 937.3187
Sum 68306

Samples 407

Fig 5-7. Image Analysis on the Mica Surface as a function of various 
time differences

Table 5-1. EDAX Analysis on the Mica Surface as a function of 
various time differences

Time Average Coating Ratio(wt%)

15Min 14.24

45Min 22.82

75Min 55.96
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Table 5-1.44&#4 M4 15#, 45#, 75#44 44 14.24wt%, 

22.82wt%, 55.96wt%g m^^.4,4# Van Bemmden4 4444

4& &44 Freundlich^y 444 #4444 4444 434 4

4 4# 34-4 &4#4-;W #4# 44 484.

X : #44

X = k • cn c : 4^-E

k,n 4V t

4# Fig 5-8.# Preundlich44 444 ###444 4# 4 #413444

444 1-4441: 44 44445. Fitting44 44 4444 1-4 444 

4.
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Fig 5-8. The experimental results of both physical adsorption and 
chemisorption by expressed of the exponential equation.

4 Fig 5-&4M

O-sL htting4%-&4 Freundlich

Fitimg#^^^-^ ^^444 ft

4S1 S1&O.T4, % Fig 5-9.
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pfcoat
Stats Area

Min 10
(Obi.#) 243

Max 206759
(Obi.#) 1

Range 206749
Mean 2508.177

Stb.Dev 22290.51
Sum 213195

Samples 85

anticoat
Stats Area

Min 10
(Obi.#) 115

Max 56320
(Obi.#) 22

Range 56310
Mean 193.9027

Std.Dev 2562.722
Sum 99666

Samples 514

Fig 5-9. Image analysis of both physical adsorption and chemisorption

"7. #4#%

4- 4MI444 #%4# 4 44^4 44 #44 4m-444°14-:2 44

5)4,4® 4#4444 Capillary condensation4#44 444 #44 #4

44 a.4% #4

Rg 5-10.%r 4%44 #44#44 #€##444 #44

J±4 #444 4## 4444 4445.5.,4tl # 4 4 4 444 #42:4#
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M7M^ irS- ^^4. 4^ M7Ma]S} -444^47)7} ^o]

^7)41 , #42:^414^ #7M 5-^715. W^-2-, 441 ^4^4

4ZU4M4* 4-§-44 244^4.

120.00 —

Adsorption

• 80.00 —

40.00 —

Relative Pressure

Fig 5-10. A hysteresis loop in physical adsorption

44- Fig 5-ll.e 4&&^7M444 #4^^ #44 a# 7M#4# # 

W4 #4# 4-44-4 ^4-4 Table 5-2.^ ###^4

4r& 4 #4 4-44-4 gl:-4 9-# &44.
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Fig 5-11. Compare of Adsorption & Desorption Phenomena on the Mica 
surface using Image Analysis Apparatus
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Table 5-2. Measurement of Coated Area when using Image Analysis 
by Laplace Method

Coated Mica
After

Desorption
Mica

Total coating Rate 213195 99666

Percent(%) 100 46

Desorption % - 54

^7} Fig 5-11. 5 Table 5-2. 44 44444 ^4 &4;M94 4

lOO^a. &$^&4 44-^4- ^4444 4#4 4# 4944## 4 

444 46%4 44^# # 9 4^ 54%##4 444 4

4s.g. , ^ 49-444 #^.&44 444^4 44: #44#

444.

8. 4W44 4%

Fig 5-llrc #&444 44:4-44-#: &4/M4 4&4 44: 44^-4 

# 4444, 444 444 SEM-EDAX^444 444 44 

4314 444, 44^-44 44 ^444 &#44# 944 4^4. ^ 

44444 ^-44 %4# 444 #44 444, 444 SEM4-3144 44
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4^444 3.7} S\ 5^7)11 y^oj^-i- 4444# ^444

counting# 4444 S^lltt 44?} #4* 4# Table 5-3.4 444

#4.

Table 5-3. Measurement of Coated Area of Various Time Differences 
when using Image Analysis

Time
15 min 45 min 75 min

Area
Total pixel 

Sum.
68306 99888 202269

Percent (%) 33.7 49.4 100

#4 &# 4W## 4444 &44444, 4

4 444# #4M44 75#^4 pixd;#^ 2022694 &4 #4^^414 

4 4444 &^;M4-44 pixeM^# 2131954# 44 ## g^# S4s 

s, # #^444 75##4 444-4# #4 #4 44444 4

4% 44 ## 14 €44# 44 14 3.#;M4 444 444 4s 4

4.
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*11 2 1 3*5. 5#

1. /M 444 4# 44

4444 a^l ^7H1 4# 445 44£ 4454 4« &4;H4 

7]3: 414 -&1-4454 44444 44#-& 4444 powder4 42: 

4 fit A&7} 44 114. °14 41ti] 4-fci 4 4£-4°14°14 

#4m#47l4 4 41414 17}# 4 44 44 Table5-4.4 Table

5-5.41 444 Si 4.

Table 5-4. Inorganic Composition of Baby Powder

Inorganic
Material

Remarks

Mica

Serisite 4444s

Talc 44 €&



Table 5-5. The Main Inorganic Materials of Cosmetic such as 
Foundation & Compact

Inorganic
Material

wt(%)

Ti02 20%

Talc 30%

Sericite 30%

Mica 20%

Table 5-4.44 44 #4 #4# €&444 444 44

4 4=^ 4= 20wt%47^-& # f ^ ^^44 20wt%4 4444

4 ^7}44 4fb 444 44 444 4 4~5%4 44^ 44

& S.44i- 44 Fig 5-12.44 &4#4.
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Fig 5-12. The trends of whiteness effects of various time ground



2. ^4!?} #4 4#

1 1144 4-8-# 44S #114# 44 Kett444 44# Model 

C-l whiteness meter# 4-8-#^—4, 4# 44 5. #4# 4 5. #5.# 

83-5.5. 1#ji, 4^4 & 4 4# 4^4&4 44-Ell- 444# 444

4. 44 1#S- 4&4 4# 444 444 1444 4# 44s. #1 

# 4# 14# 4# Table 5-64 14.

Table 5-6. The result of whiteness as a function of various adding 
additives

Additive(wt%)
(TiCW

whiteness

0 86

5 87

10 88

15 89

20 90

25 91

30 91

35 91.5

40 92



44 Table 5-644 &#4 4*444 2:4# 5wt%##3. #7}$

#4 Z^ 1^ #7}## # 4^ ##.9.4, 2:4^7}^= 30wt%# ^44^ 

4 #4# 44^4 #4*4 44## 44# ^ #44.

4# #44 ### 4 #4# ####4444 ##44 ##4 e4 

3Ka, #44# 31444, ^4^4 M7} ## 20wt%# 4444 &4 

4# 444 4# 44£ &4# 444 44 Table 5-744.

Table 5-7. Whiteness effect of various time ground

product Whiteness

Raw material 86

lOmin Milling 90

20min Milling 90.9

30min Milling 91.2

40min Milling 91

50min Milling 90.9

60min Milling 91.3
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#7l&44 a# 4 M7H 444 #7}#4 44 #7}44

20# &#;W#44 ^7}&4 4-^4471- zif&# 444 ^4

#-* # # $1%4. 4c 20# 44# ##, 44 &44l#a.4

^-44 44S^7}# 444& 4:44, 444 444 #7}4c #4^4 

#4-# 444 4I43M 4# #4^ #7>4:e a>s.44. 4# 444 4 

44 4 M44 444# ###5. # #s#4-& W 44^ 4# 

Table 5-841 X44$3, S# 44#4 #S#44&# Appendix I 4 

T# 4#4. 4-3- Table 5-8.# 444 4# 444 37] # D50 4#A 

s. 44 44# 444.

Table 5-8. Size Distribution (D50) of various time ground

Product Dao(™)

Raw material 2.80

lOmin material 1^3

20min material 1.36

30min material 1.24

40min material 1.41

50min material 0.81

60min material 0.89
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3. 4 #4 4# ls<M4 M7M

34 7M 414 47}s44 4# 41s <M4 M# 14

444 44 141 4 «@ 4-^34 444 1441 17)14# EDAXa 

4^45&4.

4XT 7114441- 4 ^4 S3. 1444 444 *34 47}14ss4 =l 

4 14 441 Table 5-9.4 444%4.

Table 5-9. ED AX peak area of elements with operation time

^^Composition
^X<5Vt%)

Time(Mm)\
A1 Si K Ti

10 24.62 46.45 13.62 12.51

20 24.45 41.48 12.30 19.99

30 21.98 35.11 11.68 29.75

40 20.83 35.13 9.51 31.84

44 Table 5-9.4 44444 4xM 444 41 41s.a] 347M 

441 S4 444=4 17}#1# 7M#1 ^7}41 g- 1 $14. 

44 30wt%l 44444 141 4441 47H1 44 3:47%4 444 

4 ^-444) 44-^1 111 1 $114 41 341444 11=11 

Gauy-chapman4 34 14 4444 444-4 444 1S441 1

444 11411 44-7} ix} 4144 344 414 144 4341

- 86 -



# 14 30wt%^7>4 4^»14n A>S44.

4# ^A}%n]^A).^(SEM)Aa. #44^ 4& Fig 5-13,14,15,164 ^

4.

TTT

4

a^:;a.C,. r

Fig 5-13. Coating Evaluation of Sericite Surface by 10% Titanium
using SEM & EDAX
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ra-
I

i

f’!!

Fig 5-14. Coating Evaluation of Sericite Surface by 20% Titanium 

using SEM & EDAX
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■*

4- ■ Vt 5 V

■V^.
: *.s. ‘-V '1 '" -..■raw

' V-' g- >■■* V . ^
\&>... ■'; . -> ■ "■ i

■1 >:■ w
1 i\'t - , ‘ >: /

■i .*■■.;

Fig 5-15. Coating Evaluation of Sericite Surface by 30% Titanium 
using SEM & ED AX
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Fig 5-16. Coating Evaluation of Sericite Surface by 40% Titanium
using SEM & EDAX
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#7] 471)5) sema>4°)H y.# 44 4°1 &7114 ^7}44 44, 4- 

444^5. 4^4 &4;W 4^)4 4#s 4*H #4#4 %44 4 

4 44 44°) 44444.

&# ^-#^4 ^44# 4444 44)4, 4M& EDAX #44M 9* 

47>4 20% 44 4 7H441 24;D44 4# ;D4## 44M 

444 444^-S wj-eji 2# 44# ti-4 20# 4 ;# 4#

# 7>4ji tijs# 44 4# Table 5-104- 4# #4# 44-# 4#f

444.

Table 5-10. The compare of surface modificaton between grinding 
time and additive added

Product.
Chemical Composition(wt%)

A1 Si K Ti

20min Ground 22.67 39.99 13.75 21.21

20% Additive 24.45 41.48 12.30 19.99

4-71 S44 #4 4#4 ^7}# ^ &4;H4 444 4# 44 ^44 

4& 4# 4^4 44 44-# 44## 4 # #84. 4# 4 49"44 

44 44 44 4#e. 4441 4# c,)#4 444 44 a47«4^4^- 

44S41 444 Ball mill4 44 SL4-E #4 4444 444 7%4# 

ir 4# f 44 44# 7)1 a] 444a?
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4'& Fig 5-17. # ^#2. ## ^ Theta composer# ### 20# 5.^

SEM4## 24 #4.

RAW Seiicite
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20% 20# Sericite

Fig 5-17. SEM Image Analysis of coated Sericite and Raw Sericite
& EDAX



*11 6 g- ^o|as a^SK)l|2|& 

a[o\?\2.\ sg^HS

1. M7M # 4##4 4# 4 #4 ##

4# #^#444 5445 43# 3.5# • 444 • 7]

#444 44, 4%1# 5# 4 4 #47] #44 ####4 #5-# 4 4

45 • 7>#7]#4 4# 444 35^5 $14.

$34455, 4#4##55# 5#4# ##& 4444 4^7] 

444 7fl547l]4 44 54# 7I-44 7M444 2#44# 45 4 

4 4## 44 7>4 ##55 ##44554 44# ;]|#434 4# 

4#7> ##4 #445 $14.

4#4 ^##54 #44# 4## 444, 44# ##43# 4 

# 4#55# #4# # $1# ### 44# # $1# #4 444 4 

54 544 #444 #4 434 44444 ‘1+1’4 ‘2’444 #4# 

#444 4# #, Table 6-1.4 444 44# 444 5#, ##, 3 

#7}#4 #4 #44 #4 *#43 $14.
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Table 6-1. The purpose of surface modification of particles.

71944
44 494^4# 9#94a #9

944 7B4 494, 994 3-944 44 Ji#7f7Ml#

#44
7B9, 9=9 #44 #44, ^#4, ^#4 #4 9=4

94
#44 49 444 414, 2944 49=4 94

M4d:9=4, 
99=44 44 
47M9

471-4 ^94 54°ll 9943171- 4^ 4#4#
7>9 JL7>9 4 44# 44

42:494
444

44 29-99-#4|-#9-#94 49 494)a 
4 4^99# 2944444a 444 44 9 
44

494 #94# 7-12] 4t7> ZL ejjf 49 4 94 h

4 #944 444, Zt if2.4 ^2, 7BS-2] #4 4 ^94 4

44 444 444471 4#°11 49449 at 44 49=44. Table 

6-2.41 97B44 494711 4444 9# 4449 ;H4# 944 # 

4.
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Table 6-2. Technology for preparation of composite particles.

4 # # 4 # # 4 4 4

##3# 44^#, CVD, 44^#, 4445

###2
4 5#

155 ###5:(Intercalation) 
ill 4#4 #2 (Incursion)

4444444-4 
44ball mill# 4 - 
2424 444#
44 #3

###2
4

###44 23 
(23### #)

#2^42iEb1jz1.
4=44# 4##4 
-5444# 4#

&47W
24 433 ##
244# ##
4 44- 24

#24445.

4 44 
#W

4#4 ##34- 
34-##4 4#44
Mechanical Alloy

444 4 4# 
244 44
2-44 #423

#4,##,
44 #4 ##7) 24 42

###4
4 23

4#2 3 
##4#23
4€4 - 2444, 4444

444 45#4 21

4# 444 #4 #7lul#4-4 4# #44

5.21 #^-g- ##42 2 44^ 5.4 4#4 gtj..

#4/# 4 ###4 ### 4## #44 M# #2 $^4. "# 

4 #4 4# #41"Sl 3X14j 3f r^-711-011 Sift #4#4 3X)4j o) 7> 

# 4444 442 # 4 42#, ^#4 #4 #44445.44 #4

#4 4#_| , 444.4 4^i§44&44 #4#si 4#j ,

^## s# ^##(4##)# 2## #4#4 4## 5.5:4-4 4#
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#7]## %7}j #51 W# #44A]# 4t«H IW4.

r-n-7l## % 4-7]#4# ##J 4 ## ##4^7}# i

M^TT r^nrn-r'S ^m# #W# 444 #4 4-### ji 

47}microsphere4 -444 5.#, 7] 4# ##[36] 4 #sfl #7]#32.## 

4-4# #4# 4^, #4# 4^7}5. 4##4 ###4 ###A^4

444# suspension-8: electro- rheology 4 4 -§--§-, ## # # 4# 

[37].

W, rjr7l n]^7>l- 4 3-5. # #7] 3.### 4#j 4 4 # # 

#4 #7}# ##4## #7]# 4^7} 544 0-711- 4## 4###

714 44-45]# #4 44a.54##* 4##&4 4-8-7]# 544

5]4 ji## #4%i]5A]# ##, 4-#4MM 4 a #, ^5 - #4#4

45] 4 #4 jt o|4[32, 33]. a# 74144 7] # #4 #711- #4-1- # 

4-44 4-8-7]## 4 494 4## 4-4 ## 4# 44-5 44-4712.

114.

444S ^4/M#544 ##4]5.a] #43.

4-7] 4# #4#j 4 4&# # 4= 454, 4-7]# 44#

4#4 4 7>## -8-4## 7]# 5# #4=44 3##, 544

#4 4## 3.4-7}, #### 4^|# ## #44-44 0,^

4 in-situ 4#j 4 °]5]# 444 ### ^4#-.

-8-71/4-7] ###5L4-E]o] ##7flS.# iS7]8 #A}7]# 5.4 ^

7l]2]47}- 45.4°]4, 4#4# #4, #0]_$_### # ##7]##o] jl
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#4# 144 7]cflE]jL &# #4=44.

2 4 ##4 n>o]£i^^^3)- 4^

44#4 #14# 44 7}z) #4# 444 414 7M

44 &jei #4441 #44 a 44. 4 #44 444 44 a# 444 

4 #4, 64 44a5^1#4 44 4## 6 4444 # 4 $164,

4## 4a 44 #456 444 4 4# 66 4M 44 4 

4 44.
4# 4141# a 414 4-4 4-4-4.1-44.44 . #4?M14 

41 #65 4#44[38], 444 #4 4##4 a4| 6# #414 4 

#46 4# 41 # 414 444 11 1144 4444 4#47[ 

7[64 465. 444 44. 4# #446 4a4 #4471- 4# 46 

44 4## #4 4444 #44 4444 Table 6-3.4 44 tfl7fl 5 

7>45 #4-4 # 44.

Table 6-3.4] 444 11 #4 4444 #4# 4464 4#4 4

4 444 4 44.

in-situ #41# #14 4-4# 165 44 #64 #44 44 

4a 444 4#7ii# 44-4 #44#4 7>##4, 454 4 4457)- 

444 ##44 5±# 444 4144 4 # 44.
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44 #4 44444 4W1

r44#4 5"1S ft- #4 #4 4 44j 4 4# 4#4<t)44 ^ 

445L44 ^nm~^/im5] #W4 344 #4 ###4 4# 3. 

■Sr7>microsphere4 434] £ 4, 7] 4 3 4 #[36] 4 44 47]#544 

#4# #4)4 4a, #4# 4 44-3. 4444 4<g#4 

4444 suspension-4 electro- rheology 44 44, 44 I t M 

[37].

#4, rjr7) 4 47]-# 4^-5. # 47]jl47>4 44j 4 44 4 

#4 47}4 #-g-<4|5L# 444 4 44- M4 444 444 4444 

7]4 4444# 44 44aa^### 3#4# 544

44 3l#7} ^34137-] 4 #4, 4# #414 413: 4, ^5 - #444 

44 44431 $i4-[32, 33]. 3E# 44-4 7]# #4 44# 44"# 4 

444 3#4## 4 441 444 44 44 4# 3#5 444431 

#4.

444)51 #3###3.#4 4M&4 ""####4 44# 44 

44 44 #43j 4 4s# # 4 ^4, 44# ^4#44 4)4# 

444 37MHz 44#4 4# 5# 444-4 44# Ji#4-, 534 

4# 44# 3i#7}, 444# #4# 44 e4M4 ^444^4

b] in-situ 4#j 4 44# 4 44 444 444.

44/47] W#a#44 ##7]] a.4 4&4# #7}44 £4 ^

4447} 45444, 4e44 4=4, 445i4]4-4 4 347]##4 5
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#5)1 4 ###71)30114 444 7)45)2 4# #4:44.

2 444)4 4433444 44

44#4 ^#4# 44 7\*\ #4# 4#A3. 444 444 44 

44 44 £°M4 #-§-5)3. 44. 4444 444 44a# 444 

444, 34 4433414-4 44 4#4# 4444 4 4 4A4,

### 4-3 #43# 444 44# S# 4&4 #4 #

4 44.

4# 7j#s)-4# a 444 44 444 • #4444 ■ #4444 

44 #A3 4^44[38], 444 #4 ^)#44 a4| S# #^)4 4 

#4# 4# 44 # #44 4)44 44 44#4 44)44 44#/)-

7>#4 4A3 #44 #4. 4# #4 4 A 434 ##4)7)- 4# 45. 

44 4## #4- 4444 #4# 4-444 Table 6-3.4 44 4?)) 5 

7f4A ### #44.

Table 6-34) 444 #4#4 4444 #4# 4434 4#4 4 

4 44# # 44.

in-situ #44# #44 4-4# 4A3 44 #34 #4 4 44 

43 444 444)1- 4 #4 #44#4 7)-#44, 434 44-4-37)- 

444 4#44 3A4 444 4444 4 # #4.
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Core se!vation4 # 4 7f#4 4 4 #4 °1 ##471 4 #4 %

4 7HV 44 -8-8-45 $1# 4"4#4 44-44-, 4=a ^#414 4-^-4 

444 44471 ^5 4# 444 4544 ^44 444 444 4 

4.

4443:44 444 444-5 44 #44 5#44 #44 44 

#45-4 f#4 54 4## 4 #4 4# 444 44, Core

selvation44 44 444544 4#45 4 44# 4-8-4 4# 44 

4 44 53#47} ^^£)7l 444 444 44 4 444 44% 4% 

4 5544 #34 44.

##454# 2.4^44 4% 44444 ## 44544 7>##

45455, 44A3%4 4444 #114 ^#47} 444# 444 7>

45 454, ?3444 444 447> 4444 44 4445 444 

4 44 #44 44. 444 #44 44# #44 444 4-8-4 5

# -8-414 4 5#s]# 4#4| #-8-44! #-§-# # $154 ^4455 

4-8- 44 4571- 454 44 44554^414 4541# 4444 &

4 455 444 44.

44, 4#4 ### 45 4# 41454444# 34-^4 45 4

# #41## 4455 #44# 4444 444 #4 • 444 44 # 

$34- #441 4 47ft- 5444554 4455^#44# 4455,

°357f 45 45 e #41# 4455 4# M4 4-4 44[39-46]. 

44471 44# ^#44# 4-8-44 4#4|# 44455 4#4
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4% XflS-S] 7]^4r ##4 9##7j #414# roaH2> ^#o] c}# 

44 7M 4^.^^ #-§-7}-^# 4 r#44 ## 4 #94# 4~#

5-4 4471-## 4j ^-43. r#4 4^47> 44471 4i- 4j #4 

#^.# M44- # nr 44.

44# 41-i- 3.44 # 4, # 4444 4 #35-4-3 4# #4

71- 4#414 in-situ ##44 7f# &4444 #

4 %UL4, # 4944 ##4-3 ## ####44 ## 3^-# #4 

35.4#:## in-situ ##44 % #444- # # ##-.
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Table 6-3. Methods of microcapsulation.

ir 'n* 4 5 5 5 ^ ^

in-situ [4155 £5 • 15]^[15;H54 • 
5;[M[#5514 55 55 ^5M45 - 
52:]

core
selvation5 [215144 415 15' 15]^[515

°ll sift core selvate5 45]->[core selvate 
31 55J-5555

[215144 415 15 - i5]^[554
55 ^]-^[145 31ft 3)nT-
45M45 • 52:]

115^5 [55-1-54- itii 552:144 £-
5 - l#]-^[55# #5 115^4 sift si 
5 <g^]

T3!! 9} In
455^ [4155 55155 5 5 5552# 5 

#554 55 1155M5555 15 
5 • 55*5 Is:5-14 55 5555]
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ail 2 4 3L&X}

1. 11*114 41 4*44 40)3571*5} si 4*4 44

11*11*44 #* *4# 44 4-0-71 44 5544- *1?3 

AMI* ^4 #44 7}*1 fta 444 7}<m #44 4*344, 

457} 44 544 #44 #44 4 447} 4# 4411. 4 44 

4#4## 4-8-4 44 444 * 44.

*4, 1**11 4 7344444 44#4 #444 1* 2.54*7} 

4 4*44 #44 73444. #* #444 4*44 4 4*4 4* 

4 #44*4 444 #444 147} 44 1441 *#4 #444 

14 44 # 1-4*4 73a] 3714 #441a}# 1444 4*44-. 

4 4*4* 4*1 #4414-41 **55*e-1 4414- 5547} * 

*44 l7}4444 #11*4- 141## 1**4 #14 141 

4-.

44* 1*4 14 4-* *4*4 44 417}# *l s* *14 

4 *1, *#4 #4^14 4414 4— 4s 4114 #441^}7} 

4ti oj# <yx}7} 414-si 51 °3 *114 4*4 #1# 4# *1 

1 #44l7}4A3 141554 5*1^#4 444* 4is 41 

14-[47],

*4, 417} 51# 41147115. 44# 41 4*4* #44 

41144 *4-7} #11554 *45114 41144 *1*4

102



3434. 4 #44# 5.2nqs 3#4s 4"#44 4933 #4:a44

444 (Hydrophobic)3"±4# 4 44 44#^&4 ##4 44

&444#4 #M4 44 ##4 4344 4## #4-##4

4 4s. #4* Ml4-44 #444 4# 444 4:444 445. 434 

34[48],

444 4## 44#44#4 444## &444 Fig 6-1.4 4 

4 4-4# 4 44.

initator radical
0

momomer

(a) In case of 
non-pretreatment pretreatmeeent with 

surffactant

Fig 6-1. Mechanism of suspension-porymerization with particles.
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44, 7fl444 #^4 #4^4# 34, 711443.4

# (Potassium peroxo disulfate, K2S2CW4 444m343iKSodium 

hydrogen sulfite, NaHSOs)& 44 4444 44 444 44 ^44 

4°1 444 445. 71444.

7H443#4 ^844 4444 444# 7H444 444

4 44 # 4 44443- # 4 %14. 3si4 7H4434 44443 

43## 444 444 444#4#33 444 344s] 443# 

4"f7ll 44 #444 44 3#4# 4444 #414 #4%

435. 4444. 444 44-44## 7H44& 444 ^4# 44 

34 #444 4 344# 4443^4 344 #7f4 4#4 #412 

44 444 444t11 4 444. Fig 6-2.4# 7fl4*l|4 #4

4 4# 444 44 #4 7^2# 44444.
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/M.. rimtsistion
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VWw^pi !*• \.
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*
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\
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is #3

Fig 6-2. Mechanism of microcapsulation depending on 
the characteristics of initiators.
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4] 3 ^ ^ ^

1. A] SL

24444 444 444 4-2# 444 44S.(sericite)l- 44 

4 33 A&, M4 ^ 0]4# 4 HJi^-S.2:

(muscovite)# 4#&4 4444 K^SisAWCWOH^M, 4 #4^11 

4 44# l:£AlS5l 442:44 Table 6-4.4 44.

Table 6-4. Chemical composition of the sericite.

Si02 AI2O3 Fe20s CaO MgO KzO

48.48 32.15 1.27 0.86 1.50 9.47

Na20 T1O2 MnO P2O5 Ig. loss -

0.37 0.35 0.042 0.043 5.3 -

4&#44# 3.44 44#4^4 4444 6S

44—4, #4# 444 44# S-ic.44 Methyl methacrylate(MMA) 

#444 CH2=C(CH3)(COOCH3)°l 4.

MMA4 #4414 244# #M447l- 44444. 444 7H4

4^ 44 4444# (Potassium peroxodisulfate, KgSgCW# 4444 

di4^-# (Sodium hydrogen sulfite, NaHSOs)44, 45.4 7]]a]*\]$] a 

44 4# ^444# 444jia> 4^4.

42-44# 2#4 &444# 4 44#- 44
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## 4#4 PMMA#*#4# tilHSi-Jlxl- 4-$o_4, 444 #2.**

2] 54444 A]-g-£ 44**7-)]# LAURYL SULFATE (SDS : 

sodium dodecyl sulfate, C^PfoCLSNa) 4 *.

2. ***4 ^ *4

4*4# Fig 6-3.44 **4 44 *4 *#Flask* 7}**4A 

4, 4*44# 4-4 H4714 ^4-4 ^ #54* *4*4A4, ** 

& 444 *##&* 4444 *4*5* 444.

***** 44500ml2] 44#4^ac] 44 200ml 2] #*** 

20g2] #5# (Mica)* 4 A 20°C44 444 4 4*5(600rpm)3. 5* 

444 *4*2] 2.54 (MMA)l- *4*A&* s^47> 44#4 # 

4444 *445* *4*.

MMA7> #44 **44*a 444 4444 A4#4 ;D44# 

*4*4 ***** 44&# *4*. 444 *#*5* 60 U* 44 

5# *4A4, 44444 4444# #44 ##4 **4 4*44 

4as. 444 344 #4 4#44 * 4## #A*4*.

**, #2.44* 44*443. 5444* * ***** 4

#*, 44 *#* 200rnMl #s# 20g* 44*44* *4*4 204 

44 600rpmAS. 144 *4 5**AS_4 #2.444 544 44* 

44 44# 4* *, *44 44* #4* *4*4 MMA*4*4
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4442. 1^11- ^7>44 4-8-4511- 60°C5. M444 3

44 -§-4 #44-8-1- 4^14^4.

#4444 #4 4&4 4&#4 44$14 44# MMA1-

MethanoM #^44 4444 444 Methanol^ 34 444 4 44 

44.4-444-M, 444 -8:2.4-i- 44444 444 1244 

#4 4#42:44 PMMA4 44 42.444 44a&^##* 44 

44 44 4&2 44444.
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(2)

fl] 4-neck Flask
[2]Separatory Funnel
PlThermometer
(4]Condenser
|5) Heater
(6}Stirrer
|7)Tliermostat

Fig 6-3. Skeletons of reactor.

Fig 6-4.4 SMH ^
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Surfactant

Distilled
water(200ml)

... . Distilled
Mica(20g) water!200ml) Mica(20g)

Agitation
(20 V, GOOrpm)

Agitation
(20°C, GOOrpm, lhr)

Initiator InitiatorMMA MMA

Filtration

Vacuum drying

Analysis

Vacuum drying

Analysis

Filtration

Washing 
(with methanol)

Polymerization 
(GOV, GOOrpm, 3hr)

Washing 
(with methanol)

Polymerization 
(GOV, GOOrpm, 3hr)

Fig 6-4. Flow charts of the experimental methods.
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-c- 44iFiIA) -jr-S-ld 4°) 3.3.^# $14 y] *] Ir ir

## ^ %7\%, 4 £^4 4 Sltb 5^^5121 -fi-Jf 1-i-

4444 44^34, 4 *3^21 4^2:4.s’

Table 6-5.4 4^4.

Table 6-5. Experimental conditions of suspension polymerization.

Sample
No.

Monomer
(mol)

Initiator
(mol)

Surfactant
(mol) Notation

1 0.02

K2S2O8

0.0002

-

K2S2O8 :
FW=270.31

NaHSOs :
FW=104.06

SDS :
FW=288.4

2 0.04 0.004
3 0.06 0.004
4 0.08 0.004

5 0.02 0.004
6 0.04 0.008

7 0.06 0.012
8 0.02 0.004

SDS
0.0002

9 0.04 0.004
10 0.06 0.004

11 0.08 0.004

12 0.02

NaHSOs

0.004

-

13 0.04 0.004
14 0.06 0.004

15 0.08 0.004

16 0.02 0.004

SDS
0.0002

17 0.04 0.004
18 0.06 0.004
19 0.08 0.004
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3. #£47]-4 #4£34## 444 7}

MM A-2] ##### #44 #44 #5-43-4 4-425. ^#4 

44# FT-IR spectrophotometerCPerkin Elmer 1725X)4 2] 4 54# 

# #44 44#44(SEM : JEOL JXA8600)4#4 44 #4

#5-4, MM A 2] 214 PMMA2] 44## ##44 #51454

445.54-5] #444-.

#£4 ^Ha#44 444 #44 5#4 ##4 

#47f 444# 4 #4 4 44s ####4# 47>444.

#44 »#4# ABD#4#4#^7l(B*#4@<b##§m# 4# 

44 #^4 #44A& ^7}4^A4, #44# #*H4 *#44- 44 

4# 43&4 #444 44## #44 *#44 #S#4 4444.

44, 3#7fll 4f4 ####44 44# #4 #£44 444 

4 #44 ##£3.#4 #£#4 444# 44 # #£* 444££ 

4 ^§7}4#4.

444 4#4# #4444 44# 442=4 #4444 444 

444# #£# #4#5-5# 4# 4£3#4 #4#4[49, 50].

L2 / t = r 7 lv cos 9 / 2v

4 444 44 L# 44 4444, t# 44, r# 444 #4, 7 

Lv# 4^4 7M44 ^1444, 0# 4#4, 9# 444 #£#4.



41 4 -M i 4 ^ 31#

1. 4433^#44 44 #3<^x}4 &47B4 M

7\. 711444 #44 4# ^4

^^ft°ll 444 444 4437] 4444 2#44

7B44I* 4-8-44 #444^ 44^4. 444 7B44^ 4444# 

(Potassium peroxodisulfate, K2S208)4 444rn34"3#(Sodium

hydrogen sulfite, NaHSOs)4 445] 44.

Fig 6-5.4 44 7M 3:444 44 K2S2084 NaHSOs* 7fl

44S. 444 44444444 444 43.4-4 FT-IR 343^# 

44444. Fig 6-5.4 (b)~(e)7> K2S208# 7fl44^ 4-8-4: 4443 

(f)~(h)7j- NaHSOs* 71)4413 444 4444. ^4 Fig 6-5.4 (a) 

44 X47H44 434 FT-IR 44433 #44 4444 7B144 

#34 343^4 PMMA4 44 4433^44 #34 3434 

4 43434 4#4.

FT-IR 343^44 3000cm 145-4 437} C-H444 444# 

4 44 443 1740cm1444 437} 0=0444 44 4334 

PMMA4 #443* 4-4-44. 444 44#4 f 4 #3444 

PMMA4 44437} 4444 PMMA4 44 4-433^44-7} 4#

44 433 4m4 # %14.
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2.4 7fl442 K2S2O8# 4-0-4 3Wig 6-5.21 (b)~
(e))7> 2L^4 ^7>^2l 44 4 7H4#4>M444 ** *, 4 Si 7M1

4^544 444 *4 PMMA21 *4 4 a?} 4 444 44 444, 

NaHSOs# 7114 45 4-0-4 444 (hH14 44 PMMA 4 a* 4# 

4 f 44- # a2H* PMMA4a* t14 44# 4 44. 444 

*2.4421 jl*x> 4o]5L2 WsMi 44 5.47M* 4#44

KzSzOs# 711442. 4-0-4-* 44 44444a # * 44.
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Tue Jut 06 14:00:10:63 1997

(a) Mica

Tue Jul 08 11:37:29:36 1997

(b) Experimental conditions : initiator=KzS208, MMA-0.04mol

Fig 6-5. FT-IR spectra of mica microcapsulated by
PMMA using different kinds of initiators, (continue)
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Fit Jul 11 16:12:14:23 1997

(c) Experimental conditions : initiator=K2S20g, MMA=0.06mol

Tue Jul 08 11:24:07:32 1997

(d) Experimental conditions : initiator-K2S20g, MMA=0.04mol, 
pre-treatment with surfactant

Fig 6-5. FT-IR spectra of mica microcapsulated by
PMMA using different kinds of initiators, (continue)
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Mon Jul 07 17:46:29:16 1997

(e) Experimental conditions : initiator=K2S20g, MMA=0.06mol, 
pre-treatment with surfactant

Tue Jul 11:52:03:73 1997

(f) Experimental conditions : initiator=NaHSOa, MMA=0.04mol, 
pre-treatment with surfactant

Fig 6~5. FT-IR spectra of mica microcapsulated by
PMMA using different kinds of initiators.(continue)
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FriJulU 17:33:30:29 1997

(g) Experimental conditions : initiator=NaHSOs, MMA=0.06mol, 
pre-treatment with surfactant

Fri Jul 11 18:34:35:33 1997

(h) Experimental conditions : initiator=NaHSOs, MMA=0.04mol

Fig 6-5. FT-IR spectra of mica microcapsulated by
PMMA using different kinds of initiators.
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3*4 44*444 #44 PMMA4^4 #4* *M44 # 

44* 44 4* 4^-44 M/T- 4* 4" $134, 4## 4#43

44** ##4 *444 4* 444. FT-IR##* #*, #3-4 4 

4 4 #4444 #44 %44444 444 PMMA 444 #44 

*3S44 #444 &3 444 #4 #444 44 4#4 4*11 

PMMA 4443.71- 444 * $14.

444 FT-IR#444 PMMA#*4 3# 444 4#4 44& 

*s$44 4433^*^1# *#$*44 4*» 4444 444, 

Fig 6-5,4 #44 4&# *4444(SEM)33 4444 3 44* 

Fig 6-6.4 4$14. 4444 #4 £4* 34#* *dfl* **4 4 

W4#44 544 *44 #34 344 *444 444 PMMA 44 

#44.

4444444* 34, FT-IR *44444 44 PMMA #44 

3.7} 44-4 4* 43^444 444 434 *3344 PMMA7> 

*444 44337^*444 4** *## * 44. &4, PMMA * 

4437> 444 444 *33444 444 4&4 ^*7} *4^4 

44 PMMA4 *444 4## * * 44.

4# 44* FT-IR 34344 PMMA *443-4 4-371- *33 

44 *44 PMMA4 4, * *33444 PMMA4 4# 4433^ 

#44 454 4-4444 434, FT-IR #4# #44 4433^# 

4 #4* 44* 4 4*# *4*3 44.
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o]a<M ft-ir |4)3f 44% 4^ 444 44^f4, 4

2.444 44ag.^### 44 44^444 4444 4444 4

444#(Potassium peroxodisulfate, K2S2O8) °) 44444 4-44

(Sodium hydrogen sulfite, NaHSOs)2.4 44 443. # 4 $14.
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(b) Experimental conditions : initiator^KsSgOg, MMA=0.04mol

Fig 6-6. Electromicroscopy of mica microcapsulated by PMMA using
different kinds of initiators, (continue)
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(c) Experimental conditions : initiator^KgSgOg, MMA=0.06mol

(d) Experimental conditions : initiator^KgSgOg, MMA~0.04mol, 

pre treatment with surfactant

Fig 6 6. Electromicroscopy of mica microcapsulated by
PMMA using different kinds of initiators, (continue)
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MMA=0.06mol pre-treatment with surfactant

(e) Experimental conditions : initiator^KzSgOg,

(f) Experimental conditions : initiator=NaHSOa, MMA=0.04mol, 

pre-treatment with surfactant

Fig 6-6. Electromicroscopy of mica microcapsulated by
PMMA using different kinds of initiators, (continue)
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(g) Experimental conditions : initiator=NaHSO:i, MMA'O.OGmol, 

pre-treatment with surfactant

(h) Experimental conditions : initiator=NaHSOs, MMA=0.04mol

Fig 6 6. Electromicroscopy of mica microcapsulated by
PMMA using different kinds of initiators.
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4. 47}4°fl 4# 44=

7H44I 47}#4 4441 4# #44-4# 33471 444 3^4 

4 ;H44|4 444# 44 %44 #444# WOT.

Fig 6-7.fr 44444 4444 #3^7H PMMA 44aa^# 

4# <04 #44444 MMA4 # 0.04moM 444 ;H44l# 44

0.004mol4 O.OOSmol 47}4 4444 3# #J3g-4 FT-IE -@-444 

# 44>a 444.

Fig 6-7.4 (a)4 (b)# «12«1 34 7fl44l4 OT^l S# (b)4
3 #7} (a)4 3 #34 PMMA 44437} 44^ 444# 4 #

4. 4 443.44 ;11444 47}#4 #MOT1 PMMA4 4

oi 3.5.7| #47} -§-4443 4 # 44.

3^4 444A& #44#44 7H444 #4 #7}### #44 

#444 #4#4 4^4^- 433 444 $14, #44 #34 ;H4 

4)4 °M^ 4144 OT4 4 444 44^4 44144 4* 434

4 #484.
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Tu» Ju» 08 13:64:42:74 1997

(a)Experimental conditions :initiator(KgSgOg) =0.004mol

Tua Jul 08 11:37:29::

(b) Experimental conditions : initiatorCKgSgOg) =0.008mol

Fig 6-7. FT-IR spectra of mica microcapsulated by PMMA in case of 
different amount of initiator added.



4. 5.^44 4 7} #4 4# ^4

44#44 $144, MMA4 4 7} #4 4# #2. #44 4 3.&Z} 

4013.5.^^4 #4# &7l 444 27>4s] 44* ^4# 4.

%7}4# -a4 4 7H444 44 44 MMA4 4 7} #4# €44 

4 44 4444, s 44 47>44 MMA4 ^7}## 44444 4 

4 7flx]44 #s #44 €4442.54 MMA4 7^144 #4* # 

444 #44 4444 #444# 4484.

444 44# 4444#(K2Sz08)# 7«44& 4#44 47}##

0.004mol5 #444 #3 MMA4 47}## 44 0.04mol, O.OGmol #

0.08mol5 4444 ##4#24, #444 444 #2#4 FT IR 

#444# Fig 6-8.4 #$14.
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Tue Jut 08 11:37.29:36 1997

(a) Experimental conditions : initiator!KgSgOg)=0.004mol

MMA=0.04mol

Mon Jut 07 18:36:48:34 1997

(b) Experimental conditions : initiator!KgSgOg)=0.004molMM A=0.06mol

Fig 6-8. FT-IR spectra of mica microcapsulated by PMMA in case of 
different amount of monomer added.)
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Tub Jul 06 11:04:04.25 1997

(c) Experimental conditions •' initiatorCK2S2O8) =0.004mol

MMA=0.08mol

Fig 6-8. FT-IR spectra of mica microcapsulated by PMMA 
in case of different amount of monomer added.

Fig 6-8.44 PMMA4 MMA4 4444

444 444# &4^a. Si4. °i5-1 ft- 44# £tD](MMA)s] $7} 

#4 #7M 44 4 (PMMA)S3 44 A844 44-4, 4

44 PMMAS347} 4-444 444^ ^4
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4. 444 JZ.ic44 ^7>xi4ig £5.444 -g-

o] 443. # £ $14.

4 4##r #44&41 44) 44#4^A.& 4:4# 444& 4 4 

44^4.

Fig 6-9.4 ^4 444 £-£-444 44444 444

44- 4&A4, 4# 444 FT-IR 4444^44 jl#4 4444 

MMA4 4444 #?M 44 £2.544 444 PMMA^47} 44 

4%-&-& s.4^3. $14.
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(b) Experimental conditions : initiator(KgSzOg)=0,004mol
MMA-0.06mol

Fig 6-9. Electromicroscopy of mica microcapsulated by PMMA
in case of different amount of monomer added.(continue)
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(c) Experimental conditions : initiator(KgSgOg)=0.004mol

MMA=0.08mol

Fig 6-9. Electromicroscopy of mica microcapsulated by PMMA 
in case of different amount of monomet added.

3% 2.2c44 ^7}#4 4# 443.3.^#

# 4"4# ^.71 4# S 4# 4#3&4, MMA4 ^7}44

€#4 44 4444 4^ €#44 MMA4 4444 #4# ^44 

4 € ##434 #4# 44 Fig 6-104 Fig 6-1M 4$i4.

Fig 6-104 MMA4 44 0.02mol, 0.04mol 4 0.06mol& #7^44 

4 44 44 4(KgSgOg)4 44 0.004mol, 0.008mol 4 0.012moia. 

#7}44 MMA4 4444 #4# 5-1& 44 ### 4&4 FT-IR 

44#4# 44€ 444.
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Fig 6-IOtt MMA4 7flA]^o] s-H]o)] cfleflAis MMA#o]

pmmas) A0vs>7fl ot.

Mon Juf 14 11:10:34:57 1897

(a) Experimental conditions : initiator!K2S2O8)=0.004mol, 
MMA=0.02mol (MMA: initiator=5:1)

Fri Jut 11 17:44:19:47 1897

(b) Experimental conditions : initiator!K2S2O8)=0.008mol,
MMA=0.04mol !MMA:initiator=5:1)

Fig 6-10. FT-IR spectra of mica microcapsulated by PMMA in case of 
different amount of monomer added.
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case of different amount of monomer added, (continue)
Tue Jut 08 13:12:16:05 1997

(c) Experimental conditions : initiator(KzSsOg)=0.004mol, 
MMA=0.04mol (MMA: initiator=5:1)

Fig 6-10. FT- IR spectra of mica microcapsulated by PMMA in 
case of different amount of monomer added.

4 #4 5.2c4(MMA) 44 #2.5^4 4

^=4 PMMA44?} 4444 44^5.^ ##4### 44% 4A.&

4,. 5.544 % #5.#44 #4##

Jti-4 ## 444.

4 4#s. ^-#4&4 4# 44%4^##^-4 3M4&5.4, Fig

6-11.44 5-# 44#4 MMA4 4444 #44 44 #5.544 

444 PMMA444 444### 5.4#5.^4 FT-IR #444s#

44 Ji# 4#4 #44#4.
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704^1^ ^7^4 MSM ^7^0] ^&"r# 4^=^

PMMA^47} %444 4^ag.^e#7} -§-

o]44lt # ^r ^14.

#^4

(a) Experimental conditions : initiatoKKoSoOs)-O.OOdmol, 

MMAr 0.02mol (MMA:initiator=5ri)

Fig 6-11. Electromicroscopy of mica microcapsulated by PMMA 
in case of different amount of monomer added.
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(b) Experimental conditions : initiator (KgSgOs) =0.008mol, 

MMA=0.04mol (MMA: initi ator - 5'• 1)

(c) Experimental conditions : initiator(KgSgOs)-0.004mol, 

MM A 0.01 mol (MMA:initiator-5:1)

g 6 11. Electromicroscopy of mica microcapsulated by PMMA
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in case of different amount of monomer added.
£44 s.£#4 MM #7}## 6-£S#4 

PMMAS44 «y=o] #7}## #%4. ^1 ^##4-71 444

Fig 6-12^]# MMA4 #7} #4 4# #£#7>4 M# PMMA# # 

4 #41# £7*1*11 &S4. 7L51IM 4## MMA# #7>## #44 

Jl, ### #M#4 M# PMMAg ## 44#4.

444 #££S4 M# PMMAg 4# 4#4 #4 41 MS 

4. £#4 4### 4 ##44 #s#4 #4### #&# 4 a# 

4 ##3. 44 • 444# 4## 41 # #444 44-8- s.^4# 4# 

§1 4|7i# f, ###£# #£4&4 ### 447-1 i-s. #jl, 4 &4 

4 4# ##7141 ## #&4 ##(20g)# # #£&#4 44#

PMMA4 #£& #44S4.

3=# Fig 6-124# 4#44 ### M4 ^###, 4 1) S4

# ;H44lg #4 44 MM A 4 M### #4714 ## #44, 2) 

MMA4 47}## #4444 44 7B444 45 #44) #444 

MMA4 7fl444 #4* #44-711 #4# ####44 #4# #4

# #44 4441S4.

01 ^#44, 4 #4# PMMA4 4# M4

44 #4 MMA MM M4 44 M4# £4#A&4 #44 

4 FT-IR #4#4 3 £## ^44 # #4

4-2. S£4, 4# £#^44 444# ###4^£ S4.
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0.01 *

Fig 6-12. Relationship between the amount of monomer 
added and the amount of PMMA capsulated on 
the surface of mica. (A solid line is the case of 
the same quantity of initiator added and a dotted 
line is the case of the same mole fraction.)

3]### 44 51# 4# £2.-yx]-si

#4 #4# JLW71 7lH#7] #4 ## 7j)

### 7)1 LAURYL SULFATE (SDS '• sodium dodecyl sulfate, 

CigHzsO/iSNaia. f 4^ 7M ^#^4^1
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Fig 6-13.4 Fig 6-14.# 22# 4 4# 0.04mol *7}* *fl SU 

11 #247} 242 ####1 7}#^. if* #244# 14 44 

*112 $41441 7}f * 1#4 412253 #4# 44# 44

FT-IR #414 4 1444141 14&44 4m2#444.

X4 Fig 6-15.4 Fig 6-16.44 2244 4# 0.08mol*7}4 If 

4 FT-IR #414 14441 4114# 44 *%4.

#1 2244 1440!] 444 44 ft-ir #414# 441 

Fig 6-13.4 Fig 6-15411 44411144 -FHMl 4# PMMA 4 

142* s]Hsfl 24, 1441 111# 1 If (Fig 6-13-a 4 Fig

6-15-a)4 PMMA #1427} #1 ## If24 4 444 444#

# # 44. 1 142#4 #247}# 441-112 $41444 # 

247}$44 PMMA41 44 4422^##7} $414# 41 

If24 4 1 41142 -f f 44.

144 14# Fig 6-14.4 Fig 6-161] 444 14411 41 

41222 44# # 44. # 14*442 14* #24 If4 4 

144 4## PMMA447} #44%## # f %4.

14# *4* 414 111 4147-i #42 4411, #*##

# #s341 11 11 14*442 #214# $41444 ;H44 

7} #247} $14 44*441 M 41 &*#224 1$1 ##* 

1 4^41 PMMA41-7} 4*41 4#22 4# 4 4.
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Fri Jut 11 18:05:44:72 1997

(a) Experimental conditions : non-pretreatment, 
initiatorCKsSaOg) =0.004mol, MM A=0.04mol

Mon Jul 1411:25.00:72

(b) Experimental conditions : pretreatment with surfactant, 
initiator! KzSzOs)=0.004mol, MM A=0.04mol

Fig 6-13. FT-IR spectra of mica microcapsulated by PMMA,(a) is 
the case that the mica is not pretreated and (b) is the case that the 

mica is pretreated with surfactant(MMA=0.04mol).
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Mon Jui 14 10:53:52:02 1997

4000 3500 3000 2500 2000 1500 1000 500

(a) Experimental conditions : non-pretreatment,
initiator(K2S2O8)=0.004mol, MMA=0.08mdl

Mon Jul 14 11:09:14:04 1997

(b) Experimental conditions : pretreatment with surfactant, 
initiator(K2S208)=0.004mol, MMA=0.08mol

Fig 6-15. FT-IR spectra of mica microcapsulated by PMMA, (a) is 
the case that the mica is not pretreated and (b) is the case 
that the mica is pretreated with surfactant(MMA-0.08mol).
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(a) Experimental conditions : non -pretreatment, 
initiatorfKgSgCW^O.OOdmol, MMA=0.08mol

(b) Experimental conditions : pretreatment with surfactant, 
initiator(K2S20g)=0.004mol, MMA=0.08mol

Fig 6 16. Electromicroscopy of the mica microcapsulated by 
PMMA,(a) is the case that the mica is not pretreated and (b) is 

the case that the mica is retreated with surfactant(MMA=0.08mol).
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##, 44 ##&#44 44# 4&4 4#4 44# 4#i- # 

tl#7j #44, Fig 6-17.4^ 4##4444 #2.^-4 4444 

#M4 $144 44- 4-4# MMA4 #7} 44 4# #a$]44 44 

4 PMMA4 44 #4# &44 a.%4. Fig 6-17.4 4 H #S.$]44 

444 PMMA4 4# Fig 6-12.44 4# ##as. ##444.

The amount of monomer added [mol]

Fig 6-17. Relationship between the amount of monomer 
added and the amount of PMMA capsulated on 
the surface of mica. (A solid line is the case that 
the mica is not pretreated and a dotted line is the 
case that the mica is pretreated with surfactant.)
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niHH S* ^**#44 444 *4 £14 SS4 #

?M 44 451# xM #** PMMA4 *4 #7}*# Sic## ^7>

44 4# 44as^#* 444 -%#444 ## 44ir 4443. $1 

4. n44 44 2-S44 ^7}44 444 44#4444 4f4 4

# 44 PMMA4 44, Fig 6-13.4 Fig 6-15.4 FT-IR 444444 

44M444# 4: 447} 4*4 PMMA^x}?} 44€ ^AS 44 

$T8#1A #44-31 Fig 6-17.4-as# 4*# *# 444A $14. 4 

44 44# #4 #444 s*#- 44*444444# 4#4 #4 

#As 444# 44 4# 444 ##4 4^ *^*%44 *4*4 

##Ax}s 4^44, #711 s# 44*4444# # 4&4 4#7} ^

* PMMA4 44 4 *# 4AS *4*4.

2. A#-* 4o]as^#4-4 4# #s# ^s#4 ##

&44 4*44 #2-344 4*4 #4#*^* 4#

# PMMA 44as*#* #4# ^*4 *4# 4&4 44)4

FT-IR Adjs^#4, #S<M &*4 44*4^#* % 44 as* 

** f4 #s#4 #*** #4- #*4 44as*#* *4* 47} 

*%4. A *4, OT#*4ir 44*4 #S44# a*x} 4# as*

#*, # &47H* 7}##& 4*A4, m* 4^* 44as*#*# 

*4 4* 7)1**$14.
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£44&4 £47#4 #444 #4# zHsM 4 7))4 

££ 45£ 7)### £44 &43 # £ OT. 444 £39)44 

£^7«#£ #44 W4 4&4 #4# #44£ 3!# 444 #3# 

4.

£444# 443-5.71 #44 444 444 £5.444 ##%#

# 5#434 #4.

7}. #4 &##44 4#

£^4# 4&4 *##£ £44##44 44# 444 #3#

#4 #4 #4 4444. 444 £5.444 &4;W£ #44 4#4 

#4)4 ^#4# 3A}#$ac).. # ##44 £44 ^1#4£ ABD£4# 

4#44(B^m*m<b##§W# 4#44 #4# 4-4435 ^7)-4^

4. 444 44444 #£ 444 #444 £4* 4444 4£4 

444 444 £4#4 444 W4 4££ 43# 4444 #4# 

44 44 444444 £#444 4 #4455. ##4. £ 444] 

4£ 4# 44444, £#444 4 #44£ 44 #4444.

Fig 6-184) £5^441 PMMA##4 #7># 33#(MMA)4 4 

4) 4# 44 £5# £#4-4 4#* 444)44. 444 444£

£44 5##£ 444 £ 4 £5.4 4444 4££# £44 &## 

4 #5#£ 4 4 #4.
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GO
4 station

^ 50

The amount of monomer [mol]

Fig 6-18. Variations of flowability of the mica 
microcapsulated by PMMA.

Fig 6-18.44 #44^ 44444, 4-^444 #

#44 #44 ^7}^ 2.2^44 #### 4^444- 44

A] 5.2^44 #4 #&4444 44 33.^ ##7} 45:4

4:444 4#f# @-44 ^#44 4@-

4 Fig 6-18.44 &4# 44# 444 #44 #J&4 44 

4 44 a4;H#Ma. 444 a### 4 ;H44443 # ^ 44.
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#44 &##4 44# 44 7}%i $1# f 8A4

444# #2.84^ &44 PMMA4 ^#44 44j =#94

(hydrophobic)^4 #44 ?@#44 4sfl 844 7}#7\2]7\ 4#44.

44 ^844 4444 44.

4. 4-3% ##8444 44

44a&^e44 441 ?M4 #&#8 4 #4 4##€3-^48 

7}#4# #4^.24 44. 4##8&4 A94# 4 #4# 4444 

4 47144 tcI: 4444 ^94# 94 —3- J%#484.

;W4&4 f^-4 44 ^#4# ^7}44 844 # 49-444 

2?M 48# 3M44 71-484.

47}4 98# #3# 4# 444-3. 4441 84 44# #4^8 

444 4444 4s.# 444338 494# 4444 47}a}3%} 

4^4. ^44 4 98# 4&44 94# #4 9843. #44711 4 

441# 4-44717} 444 44&4, #44 4444 494 44 4 

7M 4944 #484.

m4# 98# 494 #2.# #4^8 9 #32_8^}7} #4 44 8 

44# 944 8993# 998-4 47}484. Fig 6-19.4 44 7} 

4 9833 7H88 #32.4 7lj#4# #3. 0.2g4# 4444 #44 

4# #44 #4s4 #44# 44# 494 44 99# 44# # 

84.
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lOsec

60sec

(a) Mica before modification

Fig 6-19. Variation of wettability of the mica according to 
surface modification, (continue)
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lOsec

60sec

(b) Mica coated with titania

Fig 6-19. Variation of wettability of the mica according to 
surface modification, (continue)
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300sec 2400sec

(c) Mica modified by PMMA (MMA=0.02mol)

Fig 6-19. Variation of wettability of the mica according to 
surface modification, (continue)
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300sec GOOOsec

(d) Mica modified by PMMA (MMA=0.08mol)

Fig. 19. Variation of wettability of the mica according to 
surface modification



Fig 6-194 (a)^ ;M#4 ^-34^1-4 #44M# 44^ #44. 

A)-#3344 ;|)## &34#-b ^#4 -f ^ f 10344 3V ## 

44^## # f $14. 4## 44 4 #4# 4W4 &3M %} 

4# #*r# ■§r^!]$J'a 4444# #44.

(c)4 (d)4 <&d\]x\ 3## 4433^## ##44 33

4# 0.02mol 444 444 #34 0.08mol444 #34###4* 

44 44\B #33 4444 44 444 444 4443. %1-Mr 3 

4^3 44. 444 #344-7} pmma4-433^#44 444 ## 

-& 444# 344 #4& ;W4$1^"& 44 # 4 44

s#, (c)4 (d)4 4433^4 # 4&4 44444 44444 

44# # # 44. 4, ^#^#4 3344 #7}#oj 0.08mol4 (d)4 

##7} 0.02mol4 (c)4 ##34 4 #4# 4 4 444 33# 3

&4 (d)4 #37} 4 -fr^ 3^4i- 44^# 34#3 44. 44 

# 4:44 3#4 44 444 O.OSmol# #7}4 ##4 ^#4447}

34 4=3# 433 444$!^ 433 $1:444 3# 4-0-4 444#

#444.

44 (b)4XT #33 47>37)]4#184 44 #3M4 4444 

e 44# 434 #444# 4#4 444. 4444 44 #3# 4 

44 e##33 103 444 3# 47M4, 4#4 444 ;W44 

#3343 #4 ###334 4## 7M4 4 #4 4 #44 #44 

4.
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4] 5 ^ g

* 4*44* *3#*4 *4**4 7# 4** 44* *#

3*7M4*# 4*71 41* *#33, #*##^* 4** 3*7} 4

4 3.3.71#* ##* *s3*$*.

##* #*4 31*4 443.3.75#*4 44* 4*3:4* 4** 

34 *#3#, 44 7>4 44&444 444 *34 44 FT IR * 

44 44*444# $ 7114444 *3444 *44*3*4 3*

4 *4334#* #4, # 7H##4# 47}*^*. 5# 7H*4 *3 

4 4*4 3#4&&4 #**4 4# 43**4 7D4&* ^ ##4 

#**# ^7}*^*. 444 *4**4 7H#3** *4 3c#*33

*4, 44** 4** ##* 7D**34 #** 3* 3%**4 #*

3** ^7}*34 *%*.

4* 4*4 #*33*4 *4* #4# ##*4 *4*4 ** 

* ##.

#####4 4# 3*4-(PMMA) *4337|#*4 44* 7fl*

44 ##4 ### 3#*4 4*4 4%-###(K2S208)* 4^-#*^ 

*3*(NaHS03)* 4* 7H*43 44*4 ##*#* 4# #4, * 

3^*4 PMMA4 4# *4334**4%: ***##(K2S208)4 *

4# *33 **4%*. 44 711*44 #7>#* * ##4 44# # 

4 *44* #7}#4 #**# *s* 4*471- #44* *33 #*
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#0.4, 3#3| *71-1=4 435## 3343* *354 ** #57} 

5## 4.

5*7} 44a5^#3M 44# 5£4(mma)4 #7>14 4## 

#433*, 5544 37}#A] *7}#f-# *537}543 4 

4aL57|*3l7} #3 #3 334* 5-AS. 4444. n44 5544 

3 7} #4 4444 #54 ^*314 *317} *343 355 3344, 

** 554 4 711444 371-44- 3#44 444 44* 5## 4 

57} 3# 344.

4-8- #54 547W 4#3 4# 4455^## 33# #4# 

34, 4-8- *54 54* 34*335 5434*^44 ^#4f4 

444-445. £54 45-44544 #444 1454 44344 

#4# ^#3# 4* 4 3* 355 4434.

#4, 7H44 *5444 #41*34 .3354 ^ 3*## ##

35# 37H4* 5#4 44553*44 44 7%4#54 #31 J:

*34 7H#4%** #354, *5444 5#7}445&^##3 4 

# 5443# *44 4*3 #537}7} *## 444# 5*34 7l 

*# #44711 1# 44434. 44# 5*34 ### #*3 44 

*4 #&5 4-8-# * 3# 355 4444.

43- # 4*44 #4# 34-5*4, #31534 54;!!*# ## 

31#7}7l-44 # #-8-5 35##* 53# * 3543*4*4 54 

7H3 3*4 45 3 434 4344.
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4 7# £-5-, ^847]^

’97ti2 44# 444 44%44 #4 444 #2, 4#24 M 

444# 45# ^2 #^4^24, #412 44 '9542 4 '9642# 

#44 #5-, 4#24 4 4 7] # 45# 5 #4-4 44 447]## 7)) 

#M $14. ol 44 <944 a>44 #2.4&# #4 #454 #4 

£444:44 4444# 4# 4 ##2 444 41-44 442-7} # 

44 44 #4 $14. 4* 4#242244 4#2 44# 45# 5 

$1^ 4# ^ 54# 7H#^24 # 4## '9742 5444 #42 

4444 44 7]#4-7} 545£ #444 444## 44# t $1 

2# #4# #444 $14. 24 4#244 4#2 4# 244 44 

44 444 #444 4 4&# 7}43. 444# 91 44# 4# ;%# 

4-4 #42 4444 pilot#- 4424 44 4#2# 4444 $12 

4 2 # 444 4444 4-423. 44# 54# #444 #42 

$1# 4444.

44-4 199742 #442 4#4 ;HM #2,4#24 444# 91 

44# 4# 44 #2, 4#244 4#4-4 44M 5#4 #2, 4# 

244 ;%44## #2# 4423. 442 #4 444 #2, 4#2 

4, 4# #4 444 4#2M 442 #444 #2## 44 ^ 

444 444# 4##4# 4#4 44 #4941 4$14.
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i. 4^ 91 4&4 #4

112 /Ml 4 444 ^-4 m 424 a# A3-4 B 3 

AS. 44-44 41412$, #4 #M4 1# #2, !#2 1## 

$441 114 -§-224 $4 241 3342 $4 1114. 44 

4 444- 44-444$ 44 4442 2 44# 44 Table 7-2.4 

444$2 65, 200, 325 mesh 1#4 42, 142 4244# 444 

7} 444 44444 4#2, 2 14# 44 Table 7-1.4 144$ 

4. 2# 4 4#4 4!4#44# 1/1 44H XRD444 44 2 1 

4# Fig 7-1., Fig 7-2. 4 444 $4.

156



Table 7-1. Sieve Analysis of KuemSan Mica Minerals crushed

Fraction Weight Percent

(Mesh) Grade A Grade B

-4+18 30.6 28.4

-18+28 9.2 16.1

-28+35 20.5 6.7

-35+48 8.8 15.9

-48+65 7.2 7.4

-65+100 4.7 6.7

-100+150 0.9 0.8

-150+200 6.5 12.4

-200+315 7.2 4.9

-315 4.2 0.7

Total 100.0 100.0
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(unit ■%)

Table 7-2. Chemical Analysis of Kuemsan Mica Minerals

Gra
-de

Product
(mesh)

S1O2 AI2O3 Fe20s CaO MgO K2O N820 TiOa MnO P2O5 lg

48/ 66 6754 18.59 1.10 0.52 1.24 6.51 0.48 0.28 0.02 0.29 3.19

A 200/325 57.86 22.90 1.93 1.18 1.78 7.97 0.51 0.33 0.10 0.72 4.34

-325 53.98 25.65 1.73 1.09 1.94 8.94 0.51 0.33 0.08 0.65 4.70

48/65 73.64 15.49 1.07 0.45 1.55 5.44 0.54 0.18 0.02 0.24 2.72

B 200/325 60.00 22.28 1,59 0.75 2.25 7.70 0.54 0.23 0.05 0.41 3.86

-325 57.40 23.88 1.60 0.72 2.36 8.24 0.54 0.24 0.05 0.38 4.14

Samp la Name : L004

1.00 10.00 20.00 30.00 40.00 50.00 60.00 75.00

Fig 7-1. XRD Pattern of A-Grade Kuemsan Mica
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Sample Name : L005

.SK

u .25

20.00

Fig7~2. XRD pattern of B Grade Kuemsan Mica

Table 7-2.4 44^ 44#4 444^ 44 ^-S. &44^ 4&7} 4 

AI2O3 4 K2O 444 #7}#4 4 f $14. ^43. 325 mesh4 

4 4^4 ^e&7} 4444 4=44^ $1$14. zte)4 4

^I4^& f 444 5wt%4^& 44 44 4# 4%M

31 $144 4 444 44444 4^44
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1. 3 3 # 35-3 #3

44 3434 34 4443 434 (4)M 4^71) W433

4s., 3.4s 3a# 334$14.

#344 43 443 4433 $1$14 4SS3 43 ## 4434 

1ta4 4%S4 3433 443 44343 343 334 #s 

$14 4333, 33 414334 4434 3 3#s3 3443 $14. 

s33 443s 3 3334 4s, 34S4S3 443 43 44s 

a 34^)ss, 3# 43-7M34# 4 $14 434 4 393=434 

333 334. 443 343333 4s, 34s 3a# 4#4# 34

43 43433 44 4 3a3 443 43 - 43 - 44

(Pulverizing)43 3# 33 3-44SS3 4 34444 34# 4

334. 444 4 444 3S#a#34 44 Table 7-3. 4 4S3, 

4 444 #4 443 3434 #443 91 XRD #34 4343

44 Table7-4, Table7-5, Table7-6 .Table 7-7 3 44 7l34#S, 

4 443 34 XRD44# 44 Fig 7-3., Fig 7-4.3 44 443 $1 

4.

41 2 ^ ^4]
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Table 7-3. Sieve Analysis of Dong-jin Mica Minerals crushed

Fraction
(Mesh)

Weight percent

Hail Nol Hail No2 Hail Vein Lithia Mica

+4 0.1 0 1.3 0

-4+18 52.6 28.7 34.3 33.6

-18+28 8.9 6.5 85 5.3

-28+35 10.1 16.4 21.0 12.3

-35+48 5.2 8.7 9.4 6.2

-48+65 4.0 7.9 85 13.0

-65+100 2.7 6.3 5.2 0

-100+150 0 1.3 1.2 16.2

-150+200 5.1 10.9 6.2 0

-200+325 1.7 10.9 2.7 10.7

-325 3.5 2.3 1.9 2.7

Total 100.0 100.0 100.0 100.0
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Table 7-4. Chemical Analysis of Hail No.l Sample crushed.

product
(mesh)

SiOz AL2O3 FeaOg CaO MgO KzO NazO TiOz MnO PzOs Igloss

-28/35 80.27 12.45 0.26 0.35 0.07 3.52 1.25 0.04 0.08 0.09 1.56

-65/35 70.64 18.64 0.66 0.51 0.13 5.30 1.34 0.04 0.13 0.12 2.38

-325 74.19 14.80 0.93 0.96 0.33 4.35 1.14 0.13 0.13 0.28 2.37

Table 7-5. Chemical Analysis of Hail No.3 Sample Crushed

product
(mesh)

SiOz ALzQ, FezOs CaO MgO KzO NazO TiOz MnO P2O5 Igloss

-28/35 73.95 14.43 0.82 1.05 0.63 5.77 0.56 0.04 0.13 0.10 2.29

-65/35 68.87 17.39 1.18 1.18 0.90 6.51 0.58 0.04 0.17 0.13 2.81

-325 67.81 17.43 1.24 1.24 0.91 6.18 0.59 0.05 0.17 0.15 3.31

Table 7-6. Chemical Analysis of Hail Vein Sample Crushed

product
(mesh)

SiOz AL2O3 FezOs CaO MgO KzO NazO TiOz MnO P2O5 Igloss

-28/35 34.31 21.80 15.02 15.02 14.92 558 0.66 0.60 0.05 0.12 5.76

-65/35 34.63 22.07 14.41 14.41 14.32 5.06 0.63 0.55 0.07 0.28 6.41

-325 38.59 2052 10.63 10.63 951 4.25 0.79 0.52 0.18 1.54 7.85
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Table 7-7. Chemical Analysis of Hail Lithium Mica Sample Crushed

product
(mesh)

SiOz AL2O3 FezOa CaO MgO ICO NagO TiOz MnO P2O5 Igloss

-28/35 72.29 15.48 0.17 0.17 0.14 5.16 0.80 0.03 0.14 1.32 2.64

-65/35 61.48 22.34 0.26 0.26 0.15 7.57 0.82 0.04 0.22 0.76 3.11

-325 67.95 17.17 0.47 0.47 0.33 5.48 0.93 0.04 0.17 1.30 3.31

Fig 7-3. XRD Pattern of Haiil No.l sample



Fig 7-4. XRD Pattern of Haiil No.3 sample

IT. .CH

SEtE IlKlMr’E'-E

CH 0 - jN Q : Quartz ——-
; -i ' * = Muscovite -!- -
, 1 ' F : Feldspar- "

fill

litffiiiil

--4t 1 - -
#### 

if* ^
i _ ii _
1" :L . !ul

Fig 7-5. XRD Pattern of Haiil Vein sample
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:Jt. _

Fig 7-6. XRD Pattern of Haiti Lithium Mica

Tables 7-3. - 7-6.44 44^ 22 2S, 22S ### 44 244 

4 4 4#4 AI2O3 4 KzO 424 94# 9m44 S9, 249s?}

449444 AI2O3 4 KzO 424 27}444 S44 325mesh9S 

42942 444 9S42 9 #2 44431 94. 42 22SS42 

2s?} ^4 9444 519AS ^94 #4= ^c}

&4 4 4#4 44 XRD2494# S9 9& 2ss 444 SAA

4 3244 49, 9424 4=442 4as S24.

2. 9499

#944 #S,9#S 4S# Hardrock Type 4 Soil Type AS 22
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444%^-4 4S.^-4# Hard rock Type

#44 ^4 ##44^ 4# # 4# 7g No34 Soil Type

# 27>4 4S-4:# 7>4jl 4#4 #4 44 ### 4^4. Soil Type

4s.4 444^ 4# ^#£(Fig 7-7)4 #4 4 s.4 ##

5444 4 154- #4 Scrubbing(2500rpm)45 48mesh4 ISOmesh4

# 4-8-44 4 4^-42, 4# ^3=44 -48+150mesh4##:#

7>431 #4 317M4## ##44 ^2-44# 44=4^3., n 44^

4# Table 7-8.4 44484.

(2500 rpm 
15Min)

Water

mesh)

WIMS

-48+150

Mica Cone

Non-Mag

Scrubbing

Sieving

Fig 7-7. Flowsheet of Recovery of Hail Mica Concentrate from 
Soil Type Ore
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Table 7-8 Chemical Analysis of Mica Concentrate by using 
Magnetic Separator

Product
wt

Chemical Analysis(%)

%
S1O2 AI2O3 FeaOs CaO MgO K2O NagO T1O2 MnO PzCk Ig.

+48 54.0 - - -

-150 11.3

-48+JL50
Mag.- Sep.
non-
mag

275 53.35 27.99 1.13 1.57 1.03 7.57 0.80 0.05 0.17 0.09 6.01

mag 7^

Total 100

4?] Table 7-8.4] 3 4 4M4& J&4 AI2O3 4#44 K2O 4 #4 

EMM 444^ a;]| ^4 4 4^.4, 444 g-

444& &44^ 444 ^2.44^. f 444584.

S-4 Hard rock type ££. -@44# 4 4 7S No.34&# 4-& Fig 

7-7.4 4-4 @44# 44-#^-4443i, 444 @## 4#44 

150rnesh444 4#@##4 4#&# 44=# #4^ 4444458 

^.4 ZI #4^ 4# Table 7-9.4 444^4.
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Ballmill,

(48,150
mesh)

Crushing

Pulverizing

-48+150

Grinding

Sieving

Table Concentrator

Slime(mica) Mid. Heavy Minerals

Fig 7-8. Flowsheet of Recovery of Mica Concentrate from 
Hardrock Type Ore
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Table 7-9. Chemical Analysis of Mica concentrate by using Wilfley 
Table

product
wt
%

Chemical Analysis

SiOz AI2O3 FezOa CaO MgO KzO NazO TiOz MnO P2O5 I.g.

+48 1.7 -

-48+150 53.8 72.58 15.12 0.90 0.92 0.69 6.19 0.56 0.04 0.14 0.11 2.48

-150

Slime
(Mica
cone.

23.7 66.93 18.11 139 1.43 039 6.60 0.59 0.05 0.17 0.12 3.39

Midling 17.1

Heavy
minerals

3.8

Total
100.

0

Table 7-9. 44 444 44;14lS. &4 Hard rock types)

44-^^-4^-e44#4^# 150mesh444 3

Sj^444 3.7\) &4 444 €44&# 4

(pulverizing) 44 zig-zag 4#4#4# 4*8-44 4? Fig 

7-9.4 #4 44^4 #4 4& Table 7-10.4 4^

4# 4ir 4 4714.



(2 Times)

5pressure,10 velocity

Crushing

Pulverizing

Separator
Zig-Zag

O/F
(Mica)

U/F

Fig 7-9. Flowsheet of Recovery of Mica concentrate from 
Hail Mica No3. Sample
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Table 7-10. Chemical Analysis of Hail No.3 Mica concentrate

Product wt%
Chemical Analysis(%)

SiCk AL2O3 Fe20s CaO MgO K2O NagO TIO2 MnO P2O5 I.g.

Zig-

zag
sep.

O/F 28.8 66.77 18.34 1.21 1.44 0.95 6.83 0.59 0.04 0.18 0.13 3.15

U/F 71.2

Total 100.0

Table 7-10. 4 4M4# SL°M 44 4#4#33 45:4 £5.## 

4 44=4 =94 ^$Hr£ # 4= $14. #4 £444 £S.£ soil type 

£5.3. #44 £5. 4# 44=7} 7}£4$5.4 Hard rock type

£3#44# £3.##4 tilH4 ££ 4£5 £5., 4£s. 4# 44= 

444 3.711 £4# &$14. 344 $133. ###£4 4#4£ 4)# 

# 4?14|£ #<Q4AS Tfljg-slfe- 4# Hard rock type£ £5.# 44 

444 # #344 $14 4#4, &3S 4\!3 4$M4 £3#

4 o}q4 4=#4# 44## 44# #£# 4= $1# #4# 44 #3 

44 # 433 43.44. #4 #44 #444^ ^4M4 £#W 

#4# 4= $1# 4£#&4- 4# 4)4M#3, £4|3 ##4£ 44-# 

4-4#4 4&4 44 #444# 4£ Table 7-11.4 444^4.
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Table 7-11. Chemical Analysis of Lithium Mica

Fraction(mesh) L*0(%)

-28+35 1.68

-100+150 2.38

-325 1.50

Table 7-11. 44444 4°1 #444 ##432.^44 Li20 4

^-4 2^8% 44 #44 &4 LigO #^4 3.8% 4 #4# -&S

7> $14 4-A3. 4^44, 4f °1 #4 44-£ 4=## #444.
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4] 3 ^ ^4]^^

1.44 g 4&4

44 £ M3- 4M 44147s ^ 148s. 444 e&€ 4 £2. % 

<8"^-7> 4#44 %14 4ir4 4 <41 4 44 Soil type 43S4# 4444

44^^-& ^44$&4.

M44 444&4 4# 34#4# 4# Table 7-12.4 4"4.

Table 7-12. Chemical Analysis of Hong-cheon Mica

Product wt%

C lemical Analysis

SiCk AI2O3 FezOs CaO MgO K2O NazO TiOz MnO P2O5 Ig

+ 35 35.6 78.1 10.8 0.6 059 2.57 3.19 0.32 0.31 0.01 0.16 3.05

-325 48.7 22.1 2.59 1.08 10.3 5.84 0.33 0.90 0.02 0.19 7.56

2. 44^^

4#4&7} Soil Type 4$AHS. 4# Fig 7-10.4 ££ #444 3

4A.&444$a2.4 444^8 #4# 4# Table 7-13.4 444$a4.
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(2500rpm
15Min)

water

(48 mesh)

(3 Times)S-F sep.

Sieving

Sieving

-48 #+48 #

Mica Cone.

Scrubbing

Fig?-10. The Flowsheet of Recovery Pressing of Hong-cheon Mica 
Concentrate

174



Table 7~13. Chemical Analysis of products recovered by sieving and 
S-F separation

Product wt%
Chemical Analysis(%)

SiO? AI2O3 FezOs CaO MgO KzO NazO TiOz MnO PtOb Ig

+48# 35.6 80.18 9.33 0.65 0.47 2.92 2.84 0.32 0.34 0.01 0.13 2.88

+325# 24.8 75.18 11.24 1.00 0.45 4.14 3.25 0.37 0.61 0.02 0.20 3.48

Mica
cone 1

27.0 51.94 22.12 2.51 0.90 8.70 5.19 0.40 0.70 0.03 0.14 7.10

Mica
cone 2

126 65.08 1&62 1.65 0.69 6.13 3.97 0.38 0.95 0.02 0.23 4.85

Total 100.0

Tble 7-13.s) 4 ^#0)] 4% @444^. 3.0} 9s.94CDo| «]h4

AI2O3 494 KgO 494 % 4=4-44^4, 4# 4 #4 #@2.7}

#4 9#44^ 99s.s1 <947} 44 444-7] 494 9s.

4 9&4 @-47} @444 ^#9ss ##44. 444 4# 4s4 

99S99 s@7}7}4@ss 49449 44#s #9s# 4ms4 

##s#9ss 49# 4S.49 44 4## ^ss @4. #7M ^ 

##9-44 449 9 94^49 4s@,s4^9 ^##4 9

#4 4 4@ #4# 9 444. 444 949449 -48+325nesh4# 

-§• 494#4s 44 94## 4944 944 94 49 Table 

7-14.4 94# 4# 9 44.
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Table 7-14. Chemical Analysis of Heavy Minerals (Hong -cheon Mica)

Components Ce Zr Th

Grade(%) 0.059 0.24 0.013

37fl444 |-£ 4% ^4^1 4-g-Aj ^igj

# #4344^4, #si a#M9i

4 SA5- 7fi# 444 44 44324 M4 #444 4#4£

# %4.
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n s g-

9 #9o)l49 9^)1 #4 4 5J 7194 94# ## 3

#71-71-44-# 44-71 4# #433, 4494# $ #4 443 99## 

°1## ### 9S3#$3, 4-S-# 3#4 4433993M

9# <44### #4#$a4.S# 4-44 49"# #39#4 3.97>7>4#4 

#4 #7{j 7^43^34, #5.4 M4 *## 949 9###4 4# 

94 7]# 4949# 4#4 #4 4# 4S4-.

1) 9S494 4##4% 44-4 &#9W #4# 44- pH 3 9944 

#5.44 4 494-49 4494 Zeta potential^ 4°l7l- 3.711 44

9## 4993, 494444# ### 4444 #99#4 444# 

494.

2) EDAX99# #4 #443# 99 94 949 #444444 34 

4 4# #494# 971143 #449#4 159, 459, 759 94 9 4

4 14.25wt% , 22.82wt% , 55.96wt%3 444# 9 9 994.

3) 4994o)l 4# #44 #4# 994 444 #49# 94, 4fe9 

444 #4#o) 54%# 34 9934, o]9 994 #449444 9

9# 94# 34 994.

4) SEM-EDAXO)! 49 944 944 4h4 444, 49944 4# 9 

4## 94433 43# #4,75994 7119449 14 #99# 4
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# 1# 5#7M4 #444] &#7M ##*1# ^7> #3 #4.

5) #3241 ### 4 #3 #7}4# 4###3#4 4^443234 434

& #s. #44] #4# 20334 »A^sj\ 915. #3 7M1--8-

2_#4

6) 43# ###2.3 44# 3*1] 34#### 414 7W44 203444 7M 

##43 ##3 432,'Wife 7M #43 5.43 #43 &4 3#4

7) 7M#4443 7M4#37M1 4# #42 #=43 3412. ## 4 #4-2 

4 ##4 3#43 ### #4 7i] Is. #7> 444.

8) 32.4441 444 ##3##4 4 #3-3-4 4423^3# #33 3 

444 43 424 #2.#, 711443.3 4##^f-(K2S208)4 34# 44.5. 

#4 4 #4.

9) 3#4 44354^44 443 224(mma)4 47}44 ##=3 4 

3# #4443, 3344 #7>44 "37>#34 3244-3#0]] #423# 

3417]- ###7ll #443 443 44#4.

10) 32# 4-4 3#7}4o]a.3#344 4# £#7fl#3 #44 #34 

3244-7} 333 4443 3344 434- #444 33 4#4#4. °1 

4# 3344 ##3 #34 #434 #3.3 44# 3 #3 #43 7)4
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*4-.

11) -8:5., **5 4414*4 44**# 4*5 *444, 4# &

444 m 4-*5 44444 f£A15*4 4 ^#4 4414* 44#41

4, 4##4 44(4) 44*4 7M 4*4 -8:5 7fl^0] 7].xj. ^g. ^o. 

5 4*4-*4-. *53. *114-4*4 44 4*4 444* 7l]44 4 44 4 

44* *5445 #4# * 4* 71*4- 7H4#4 4-7>7>4 444 44 

# 4 $1* 444-.

12) ** 44 44171* 44 **^H4 (*)*# *4711 *444 444*5 

7M 7}444 44**54, 4* 41* 4414* **7} 5**4-..

179



#2

1. Duncan J.SHAW : Introducton to Colloid and Surface Chemistry, 3rd 

ed. 1983, pp 116 - 118, pp 159 - 161

2. Swaraj Paul : Surface Coatings,2nd ed., 1996 , pp 468 - 475

3. C.LMantell : Adsorption .Chemical Engineering Series,1951, pp 20 - 43

4. ^68^ ,1997, pp. 274 - 282

5. : Zeta Potential ( ), 1995 , p 96 ,

pp 114 - 120

6. J.W. Hassler : Activated Carbon

7. K. Hashimoto, S. Miura, S. Nagata : J. Chem. Eng. Japan, 8, 367 (1975)

8. M. Suzuki, "Adsorption Engineering", 1990, pp.5-12.

9. Huub H.M Rijnaarts, Willem Norde, Edward J. Bouwer, Johannes 

Lyklema and Alexander J.B. Zehnder, "Reversibility and mechanism of 

bacterial adhesion", J.Colloids and Surfaces vol. 4, 1995.

10. T .M. Riddick, "Control of Colloid Stability through ZETA 

POTENTIAL", 1967, pp.2, pp.14-15.

11. Motoyuki Suzuki Adsorption Engineering, p.5

12. Jacob N. Israelachvili 1985 Intermolecular and surface forces

pp.137-222

is.
Powdertec Japan '90, 2-1-1(1990).

14.

Powdertec Japan '90, 2-4-1(1990).
15. B. H. Kear and P. R. Strutt, "Nanostructures: The Next

180



Generation of High Performance Bulk Materials and 
Coatings", KONA, 13, 45(1995).

16. Genji Jimbo, "Recent Advances of the Research Works on
Mechanochemistry in Japan", Proceedings of International
Symposium on Powder Technology '81, 365(1981).

17. Masumi Koishi and Hitoshi Takebayashi, "Surface Modification of 
Nylon 12 Particles by Mechanochemical Method", Proceedings of 
International Symposium on Powder Technology '81, 465(1981).

18. M. Alonso, M. Satoh and K. Miyanami, "Compounding of New 
Materials via Powder Coating", Proceedings of Second World 
Congress Particle Technology-Part III, 461(1990).

19. C. M. Liauw, G. C. Lees, S. J. Hurst, R. N. Rothon and D. C. 
robin, "Investigation of the Surface Modification of Aluminium
Hydroxide Filler and Optimum Modifier Dosage Level"Plastic, 

Rubber and Composites Processing and Applications, 24(4), 
211(1995).

20. ###% 20, 67 (1992).
21. /PSMM, 46, 547(1982).
22. Makino Naito, Masahiro Yoshikawa, Toshinari Tanaka and 

Akira Hondo, "Anaysis of the Powder Composite Process by a 
Mechanical Method", KONA, 11, 229(1993).

23. dm mmmm, ## #,
Jf#, 32, 120(1975).
24. M. Hasegawa, K. Aral & S. Saito, Chemical Engineering, 

Japan, 21, 31(1988).
25. 1973.

26. m 1975.

181





KR-97-(C)-35
ftmmm mam..
(p. 185 -287)

- 183





sit

Studies on Manufacturing Technology of Materials for Fine 

Chemical and Electronic Industry Use.

4%#

S.K. Choi, B.G. Kim, H.S. Chung, J.C. Lee

Summary

I . Subject
A Study on Manufacturing Technology of Materials for Electrical and 

Lubricant Indusry Use

n. Objective of Study

Fine natural crystalline graphite which is used as a source material of

a high electrically conductive film and an addition of advanced high

functional solid lubricant.
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For use high electrically conductive film and advanced high functional 

solid lubricant, add new and advanced high functional properties to fine 

graphite powder through surface modification with gas and organic 

materials.

HI. Surface Modification Methods

CD Searching for sutable surfactant to improve dispersing charateristics 

in aqueous system.

(2) Adsorption with oxigen on graphite surface to improve dispersing 

charateristics in oil.

(3) Mechanochemical process using hybridization system is to shape 

control and spontaneous re-arrangement of the surface layer and 

interaction between the particle surface and extraneous molecules.

IV. The research results are summarized as follows;

CD In aqueous system, the optimum conditins for graphite to disperse 

is with 0.3 - 0.5% concentrations of surfactant Lomar D PWA-40 

at pH range 10 - 11. 2

(2) In order to improve dispersing charateristics in oil, the optimum 

condi tins to adsorb over 3.5% with oxygen on graphite surface are 

as follows :

o. Tip speed —> 3.9m/sec,



o. Reaction time —> at least 30min. at 120°C 

o. innert gas and pressure —> dried air, 1 kgf/cm2

© The oxygen contents acts critical point for dispersing graphite in 

oil system so needs to control oxygen contents by use of air 

pressure in reacting mill.

@ Chemical methods for coating with Stearic acid and Paraffin need 

above 15 weight % to graphite powders.

© Mechanochemical process using hybridization system is to shape 

control and spontaneous re - arrangement of the surface layer and 

interaction between the particle surface and extraneous molecules.
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Fig. 3. Particle size distribution of grinded graphite
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Photo 2 SEM of grinded graphite
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Photo 3. Surface modification equipment for scale-up test



Photo 4. Equipment of graphite oxidation(coated with oxygen)
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wetting44ZL 444 °14 44 4***4* 444 (wettability)°] #4 

11 44. T. Young4 0 >04 444 444 444, *34 444 44 

4, 0=0 44 44 4444 444 444 444-4 444 #3 #44 

4 JL4] #44 ##*43 #4# 44* 4.44 40] 4 ^^4-4'

T sv ~ T sl - T lv x cos 9

444 rsv 4 3.414- #444 4444, TYt 4 344- 4444 4 

#44, TYv 4 444 #4#4 4#44, 0 4 **4#4.
#44 *#* #44 **#3 *** 0<9O° 44 4#4. 0-0# *

*?*4 #444 44# 34&##4 ^# 44 4 44 ## ^ #-#4 

#* 3#* #4. ### 4#4 4*4* #34-## ##*# **4# 

4-4# 4 ### &#* 4-4# * 444 * ^4 #4.

3# 44*444 #444 #4* #4# #43* 4#*44#3, * 

;]-##, *3, #44 pH *# #4.

4#*44* 4*44* #44 4*3 4*4* 444-# 34**4 

44* 4* ^*44- *47]- #3#, 44 #*** 34114. 4-* 4# 

4 4*444 4##** 4 #*444 *433 0.01% - 0.001% #4-4
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44 #4 4444 #444 4^44 #444 #44 44# #

4 444 -§-#£4 #44 4444 44, 444 444 44 4 4 44 

444 44# ##44^ 44.

3.44 #44 4# #44 444 4# 44 &44 444 44 ## 

4 #444 #44 4# 444, #4M4 44# 4444 44 4^4 
&444# 4444# 444 4^#44# 44444 # #4 444 

44 ##4 #44# #444# 4d:#44 44 44444 44#

coating4 44 4444 #44### 4444 #4444# 44# 44 

444 44.

2. 4 ^#4 4

#4] ^-44#4 444#, 443. ## M444 #44-444# $4 

#44 4#4 4##44# 44-444 44 #44# 4 4^-4 4^4

##4 #444 444 #444 #444 #4444 4444. 4 44 

# #444 44 444# £-# 44 4# #44^ 4444. # 44#

#44- 44 34-4 ##4# 44#44 444 4444 #^4 4-#4 

4# 44 ##44. 44 ## 4## %# ### 44##4(surface

active agent, surfactant, capillary active agent)4H 4#4. 44 4##

44 444 #4(adsorption)4# van der waals44 44 #4#44 4

44#4 ## Ji4444 #4## #44-4 #44# #4 #44 $14. 

444 <L3. #4#4# 2,000-10,000 cal/mol4 ##7}#^. 71-44-9.3. 4

444 44#4# 4#44 444# 10,000-100,000cal/mol 4 ## #4
3 7M44 44.""
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3)4** 4)4 #** **#*4- *44 44 544 4)4* 4
#4* *4**4 444 4444 4444 #44 4^4 4444, 5 

*5* 44*444 *iH 44 *444 *4. 44455 4444 4 

47} *7}*4| 44- 44***5# *444.,7) 44**44 #44#

J. W. Gibb4 #**55 4* 4" 4*4,

r = - c/rt x dr Me

r* 44*444 44 ** 444 *5*4, z* 54*4 #4 44

*4, R,T* #4^, c* *5, dz/dc* 44 *54*4 4* *44 4* 

4*. 44^i rzj- *5) a# 7}*4 444 *5* #4*54-5 44 #

*4 4444, 4*5 *4 *4 444 444 *57} #44 *554 
*444-, 5 4* 44 44. *7] ## 44* 444 444 *** 4 

7D 4**4 #54-, 54| 544 $1444 #*44* 44*4*4* # 
*44 44 45 447} 444 4;)) 4*4*55 zz.444 5 54 4

* Ji = zo - 75 54* * 44. 47)x) ji* 544, zo * #**4 

#444 4* 44 44*4, z* #**4 #7))#44 44*4 44.

#* 44**44 *57} *# 44* 45 ** ##4 4#* 4*4 
7)4 ***** 444*4, *4*4 *444 #* ** #* #444
* 7}^4 3 #&} 4^7}45 1. Langmuir7} 4*4 44 *44* #**

-ir 544.

JI (A-Ao)=kT
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Ao# 314&43M 44, A# 44444 4## k# Boltzmann 4"4#

1.3808 x IQ^erg/t, T# #31#A 273 + t 44. 3)7)1 314&43) 4=#^

4 444 4#4#A3. 4444.

#44A# #444 44 4A44 444 #444 =1 #444 44 
4 43)4 443), nisjAEA^Ef 444 Lflsf|A-i^ #44 100m2/g 4

44 4# 200mVg 44 ##4 #444 47144. 7l##^l# 444

25A2, 3.7A24 44 4#44 44 41 A2 4 444 444431, 4431 4 

4471 #444 4A44 f##AS. #444 #44 7l##4 #-3|& 

4AS. 4# 4###4 #4# M4#3) 4## 4^7)7)- #4"# 44 

4 34

31444414 #A7l 4a# ##(4 30%44) #444# 314##31

4444 4^0) ^4-ji 40.4, 44444 4 #4 314## 3144# 4 

#4 #A3M1 #44 ^#4 4444. #A7l ^#-4 #44 #J>4 4 

#4(4# 43) 4 4443))# #3144. A#&4#A #444 4# 4 

444 ## 4444 #4#4 4#A# 443)4# #4. 4 #4# # 

44# 444 paracrystallin phase# 444# 4# 44"#4 4 44 4 3) 

4 4# 444431 44# 44 ## ##4"#4 444 44 3131 44 

4^44 #r44-A#44 ##5) #3), #- 4 3) 4 37)-# 7)4# X-ray# 

#444 4 7) 5)71 314#4 3)2| ###(moisture content)# #3l7l 44. 

4 #4 ## ^# 4# #A4 AM4 ##431 44 #4) 4 #3) ^ # 

A #31# 4A# #4 ##44. 4 431#4#A(Cntical solubility 

temperature)# Kraft point4A 44#
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5. 2. 4# ###

4 # # # 4 45###, g/gx 104

4'-^—W til # 212 70
D]2]iEA_^Ef ti]> 528 70

I#!##!# 4t 1206 70

dhE]]0|-5.A]:v|-E_# ti]Y 1480 70

14H5# ti)^ 1029 70

el-ll#14-5# 809 50

4 2l5il3g-l;4-5l- 1018 50

1396 50

!441###5# 1325 70

ef-fl 5515HH! atMijEf 940 50

Igepon T 1325 50

Igepon A 1606 50

ABS 905 50

Aerosol OT 1110 50

4 214# #5hH^- 1657 50

All 152141#!# l52l-ols. 1560 50

Nonionics # 1200 30
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3. 44*4 ^ #4*4

44* **4 #4*44 444 *44- 4** 444 #*## 

**4* **# 7M13. 4#4 *4*4 *** #4*44

4 ***. 444 #**, 4*, #*& #4 **7}4& 1-12] Ji#4 # 

4* **& zi *** dyne/cm4*. 44*## *#7} ***4 44 

42] 444#^ *#*4 44*#4** 44 0 4 44. 54*4* * 

444 *444*4 ** 4444. #44 *4* *#** ^3i 4# 

444 **** 4*4* #* zl #44 44 #444 4431 44&3i

7-114 4 4 ( interfacial tention)4 431 ##*. 4 #4444 4 4 4 4 #

4 314-444 #4 ZL #4# 4#4* 4 4*# 44 *44 *4-4 

44*4* 44-44 #* 44-31444 44& 4#4* 4 *## 4 

4 444.

44*444 4#4 *4* 4**#4 #444 4€* ***3L zi

4# 4* 44*#*4* 4^*44 #4*4* *44 *#*4*. zi* 

4 zz. ## 4*4 44 #4*4* 44 ^4-4 ##*. #4 44**4 

4^*44 #4*4-*#*** ** *64* *44* f7|- 4*4 4* 

* 44**4 44 #e#4 *7M4 4*4*.

(D #4*4 ***

-*4 4**4# *2. 4* 44**4* 4**4 *#*# #4*4

# **.

-4** 44**4* 4#*# *44* 444 ** #4*4 4**

4 * = *.
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• 5444 4444 4 o]5 3l4#43l>444 314#44>444 31

4 #^314 XT 44.

-4^4 314#^3l 4^4 % 44H3, 4f^443^ f-§-44 54

44 4444 # 444=4 4544 34.

® 31444 44^

31444 444 4^5 445 45^-5 314#^314 4452=4 55 

445^4 54^, 554 3144431 -MM, 3144431 45444 4 

±^r, branch, 4"##, 5^=4(###)4 55, °154 31444 3|4 455 

4544, 55, 55 #4 $14. 44 31444 4455 544 (^Ub#), 

454, 314431 5 445 444.

(B 5444 ^ 3144-44 445 M

• 55 : 553] 44 3.31 4444 &44 54444 4^4* 444

5 #431555 554531 44 355^3^. 4544 5431 4di4

71- 7145 4 #4 44.

-444 : 47}#A&4 455544 54445 #7}4^ 44

471-^4-44 545#4315544 54445 4444.

- 44 : 44, -§-44 pH, 4445, 54555, -§-4 54 %4.

314445 4-444 314#43131 4^45 444 4445 454 4

4. 4-44 44 3144-44 571-45 455 40.4 45 54444- 314 

##431# 471-4 45 555 45 55 444. W.Gibbs5 3144-4



4 444* 4-f* 44 4444 $144 4a. 4714 #*4 44
iflM 4423 #4# 444, 44444 ^7}4# 4-f* zl 442 

44 x4 a:^r #44 ^4424 44 44-4 $144 47}!-4 *271

4^142 *44*4, ^#* (+)4, *44 ^** (-)4 4* *4

4 44#42 *44. # ^4** r* *24 44 &*444 4^4
22 4*44 444 444 7>*44.<9)

r= -C dr/dc x dc/dP 

(C* *2 , y# **44 , P* *#*)

#4 -0-44$1444 Van't Hoff* **4 44 dP/dc = RT 42.3. 

r- - C/RT X dy/dc2 44. **444 44442 44 44 444
4 444 $14444 2 444 44 X 34 444 444-44 4*4 

44 44444.

4*#444 44 #4 **44 444 *2* 4f 44. 4*#4* 

#444 4271- 4-4 442 4444 44 #4 44 X 44 44#4 4 

* **44, 4*44, *#4* 444*4. 4*44* 0.1% -0-444 

0.4%-0-42-a *271 4*44 44 444* 44* 244. 4 4*#4 

47)- 4* #4 4-0-* 4*4 44 444* 0.1% - 0.5% 424 #* * 

2442 *#44* 4* 4444.
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a 3. a# ^-^4

<5« ^ ^ 5 CC) It'S ^^Kdyne/cm)
417l ^^(dvne/cm)

20 72.8 -

## 15 28.8 34.4

41 Ell = " 17.5 10.6

4W\i " 42.2 43.8
" 43.2 24.7

tS£if " 26.7 33.3
Af'gSj-Ej-^ " " 43.8
^-E]2A). 75 21.6 -

" 23.0 2.1

^ItirEA)- 20 28.31 7.00

18.1 28.82 8.217

?[£E^ 75 25.1 8.0

4-r-^tl " 25.9 8.7
nlBl^EX]- " 27.3 9.2

#^<4 20 32.30 15.59

" 90 27.49 -
" 95 27.52 -

iE|o}3 AV 90 26.99 -

5l4#Sl|<+ 16 35.81 14.25

20 “ 21.34
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a 4. ^#4

44 #"044 44 pH
25-26t°M
4 &44@; 
(dynefon)

25-26t4M4
344

(%) 4
4444

4
4mm4

(9)

#o|g #£4|

4444m# 44
10.0 0.1

0.4
25.0
24.9

2.7
1.9

5.3
5.7

30.8
28.3

10.0 0.1
0.4

39.2
38.2

19.2
9.2

6.9
5.2

73.4
64.3

4-r-#444m# 7.6 0.1
0.4

33.4
33.0

9.7
9.0

0.4
0.2

58.5
66.4

#tl#4 44mm#4 4 4 s. - 0.1
0.4

30.3
31.6

7.2
6.4

1.7
0.5

62.7
63.8

m44'#4#444m# - 0.1
0.4

32.4
31.6

3.8
4.3

1.9
0.5

55.1
52.3

5.0
0.1
0.4

33.7
33.3

6.0
5.7

1.3
0.4

55.6
60.8

o]^2&#4:#e#44m# ~ 0.1
0.4

46.1
36.4

21.4
10.6

5.7
2.5

87.2
66.9

2.vm4i444iir#44m#
8.6 0.1

0.4
35.0
29.5

10.9
2.8

3.8
2.1

66.6
47.3

4 4 4 4 4 4 ##44m# - 0.1
0.4

31.9
29.5

5.4
2.7

2.6
1.6

53.2
43.6

44-4#^444m#
4.7 0.1

0.4
30.2
27.4

5.4
3.5

1.8
1.2

52.3
39.4

44^444^# - 0.1
0.4

321
31.4

6.8
5.5

2.0
1.0

60.8
53.6
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43 #344 ## pH
** 25-261243 

4 #@4#
(dynehm)

25-2612434
3*4

(%) 4
44#*

4
eilHS.3

(9)

w|o|g #441

p- 4 ^4 % 3d #2.2^41 #3 6.5 0.1 29.7 2.8 3.9 45.5
#4#44a 0.4 29.9 2.3 3.3 46.8

p-4dz3-34347M33 0.1 29.7 3.2 3.8 45.6
#4*44& 0.4 30.4 2.8 3.2 . 49.8

4-^- = 3*4 4 3 3*4 *( 4.2 0.1 32.0 5.0 4.4 61.0
400)*#* 0.4 30.2 4.0 3.9 56.6

** 433 *443 3* 5.6 0.1 38.2 6.9 3.4 75.0
4#(400)*## 0.4 37.3 6.7 2.5 69.2

£ii4-f*-3 *&4##4 5.6 0.1 35.1 7.4 1.8 70.6
43 3*4* *#* 0.4 34.9 6.9 1.1 71.0

*33*4433*4*4 5.6 0.1 37.2 8.0 2.6 76.4
|3* 0.4 38.7 7.6 2.1 77.4

41##347} #33 ^41 4# 3444 444^ 2-42.

44 447]- J&S4 44 w*°l 444 44 4444 444 4 444

3# 4444.

4. HLB (Hydrophilic - Lipophilic Balance)

44M44 1/1,000-1/10,000 444 4^ 4^4 4^*443^

44 ^-44 44444, 41# #344 44# 334 44 4# 444 

443 4^-4 44 4444 4471- 434 334-3. 44-4 4
44. 4 33 444 4444 4S44 43 #344 = 4
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7>44 415 7}H, l##, ## #a# la, 54 4 a 4#
4 5 115 5-71 %4|54 4ia4 #1 a Til s] ^ #5.

°1—4# 4# Colloidal electrolyte# 4 4 51.

44 5©l Tin #4417} o^bI 7}# 415 5a 45 15 a H 5 

^7} ^544 157]! H# 2E#A_3. 4541 ©%7l 4514, 11 % 

f 7M1 44 557l(#47l)4 #-g- 7^©1 454711 lai #4 44 5 

*l£fe 444 571-444, 44 #4 454 a 445. 4444, 454 

4 414 4444 a! 44 #4 44 #4 44, 4a 5544a 4# 

#444 544 4544 ^544 #45 4# #44^714 a>5-s.^^i 

44 #4#aa a444 5^} 444 ^45 4544 45 45 5A# 

917}0} 5. 4 4 #444 554 415 ^55£ 44471 444 Atlas 

Powder#2] w. D. GiifGn5 4# #444 #54-#54(^54)4 #4 

(Hydrophilic-Lipophilic Balance) 54 HLB# 444554, °155 41 

#444 45, 45 55 5##aa 441 5 $14. 444 #5 55 

4 41 #44144a 4 ^44 #441 14 4# 414 545 4 

41 57} 14. W. C. Griffin5 44 7>4 41 #444 44 a 5-45 

4444 44 454 14 5a# 44 44iaa s.4 514.<4)

#541 45 1# 1 HH

#54 4 41 1# 1 H

#544 #441 45# 1 N

#44 4 41 1# 1 L

#44 4 45 1# 1 LL
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=L o]Jf. o]^i- 7i^SH 7H> 44 5}4- 40^5., 4 7>

# 44 4# 1 & 44 43144 M, 4 HLB# 1-40
am <9 4442 Me 414:444. tz M4 42 a 54 44

$14. 444 &4 44*444 4s, 444 444 44444.

5. 5. HLB4 44 #444 -§-£, Aj*

18

16 —
15-18 — 7ie#4 13—40 — #4 44 44

14

12

f 10

HLB 8 

6 

4

2

0

13-15 — 4M

7- 9 — tr-tr3)

3.5- 6 — W/O^ ^#4

1.5— 3 4: it 4

8-18 — O/W^ e#4

10-13 — e# -§-4

8~io — e# 4% e°i

6- 8 — 44 2#

3— 6 — 4"t 24

1- 3 — £4 24

e * *
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4544 4444^4 4 #4 e 54# #44 4544a. 4
4- 514 $14 #4-4# ^444 0H47} 49444 $14. ####53. 4 

#44 544£ 444 444 44- Carbon Black# #44 OH, COOH,

5 6. 444 4 j'444 4 4444 4 4 HLB group number

4 4 7] 5 # 7]

-SO3 • Na 38.7

-COO - K 21.1
-CH3
—ch2—

-COO - Na 19.1 >CH — 
= CH —

>N(34 44) 9.4

COO • R--------------------------- 2.4

-COOH ------------------------------2.1

-OH--------------------------- ------ 1.9

-0- 1.3

-CH2-CH2-O- 0.33

CH2-CH2CH2-O- 0.15

#4 47> #444. 5 64 4444 ^444 4 4444 44 HLB 

group number#, 4 74| 4 4 #4 4 4 HLB# 44444.

4 44 54 444# #44 544 44 444 $144 #5# 544

44. 4### #4 #44 a# 4 ##4 ##44- 5^44^444 #



• 444 &#*#7]# #e4. 4 ##7l* # *4 44 #444

OH + H+ ^ OH+2 ------- ®

A 4 3- #*4 OH 44 H+7> #4

-OH + OH — -O + H20 ------- (2) 44

(D4 ti>-g-o] ^^44 445## #4^ 44# M 440) #44# 

44 4 ^ 44# 7>4 4 #4. 44 444 H+7> 44444 ®4 4 #4 

44 ^2. OH 7} <g7l44 4444 (2)4 44 #44^1 ^4. 44

44 44# 47]-4 444 pH4 44 44 4 444 44. 4 ^44# 

4 pH44 44-7^ ^* ^4 #*4 zi #4^44^ 44.

###* ZL #^^&4 4# pH-&444tr #4^ 44#, pH # 

444* 444^ 44# 444. 441-44 4*4 #44 4# #4 # 

#444 -OH# -0+ + H+s, zlb)ji -COOH * COO + H+* 4444 

44 4 ^ 44# 4*4.

4#4 444 4# 444 44 4#4 4484 33 ^ 4

44 ### 4444 444 &#44# 4444* 444447} 4-&S) 

4 Ji4a#4 4*4# ^*44* #4444 4444 44#-g-*# 4

#44 &#444* 4## -0-8-44^ 44.



5. 7. HLB

7] 5. 1 #44
#0|g Tilg #oiz Tug mm
iEfloflHAVej-Ef y]- HH #444—# 4# 18
4#^4## HH #44## 4¥ 20
4#l%44m# HH 4#lt44E# 4 40

HH i:44E.5}14#oj-4 H|ip 12
4=14##44a# HH ABS 4—# 11.7
#44=i4ee44E# HH Sii44a4i-e}Afl40}lA4e 5.5
944&444E# H sfois 7ii5 mm\

%#444#4^# H N-7fli-N-i isaWfl S44 25-33

(a4#a* #tM^#2T^E# f-».) H
w|o;g 7ii5

LH E.E}#44a5.ti]4o|]iEflB 1.8
iEfloj.HAVeif.Hiip L EejiBjjoflHliHHjUjilH. 2.1
iEfloflHf-p^tjjf Hjip LL 4ifjl44asajiHli4^. 3.7
iEfloj.Hf.<g-Hn]f.Hjip LL aa#44^Hj4o|jiEjje 4.3
yois 7«g #^%ii 5ii44a4a5tij4ofl>-Eji 2 4.7
# #£# WMH HH jgjj-^.njEliHjlojj^BjjH. 7.7
114414# HH S-ji4#—4i5.a j m iEfl b. 8.6

U|0|S 7j|5 #W%|| 5Lii44e4 -g-ejmx-Efls 3.8
#14##47.jcjcp|jE|ja HH-H Si.#444°fll#H}#°fl^4s. 4.7

4444 #ejofl ll^-A}oj c 0,]^ e HH-H &ai44E!^<#fej#47'Efl 2 4.7
Cf7f liai- 444 ofliEflEoj
#B|0fllSl4Xj.0jC0]]EjjH HH-LL

sa4#^444 #4#4#4|i4 a 

SLiEjjdflHfEljEejojjlgliejlojjiEjja
6.1

7.7

44# la#4 leji5.ll
H-L

ia#444^sM#4#4#4]i45 7.7
f-Aj-ojcoflEfla. £a4T-5.44ae4il ll-^ej-iofliEj] s 9.4
47}- 4a* 444 ojjiEjjsaj

H-L
iai4oj.HiiAMjii#ej#o|j a 9.1

#4ia##4-7ME.4|Efl2 eflAji 5LL.4T-5-4^5.tij4oj]iEflaoj
16.7

a)44 H-L #4il4#7"MB(2liro])4 #4#

4#1 L-LL 5Li4#S4a5.tij4ofliEfl2oj
17.3

-#1]^}# 444 L-LL #4414 #4°ls-(6mol) #4#
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4] 2 # ig^4l 44-^

#44 $1# #4#4#4 a## Ms)- 3##4 47] M) 

#4 #444# 44 #4 3444# 4711443. 4# 311=4 %4.

# #344# 54 3 #4M# ##4 ## #4#4 #44 ^44

4 colloidal 4^3 #4447] 4# %JL7.\ #44# #4#44

-0-444 711444# 4444 3 #4# 4444 4444 3^44# % 

4 44#$1 444 4# 44#44# 444 5:4444 #3# 444 

4 44444 #4(##4 ## 44-0-4)44 444# #43 444 # 
#54# 4a.4 4^4.

# #44 4-0-4 ^7>x] 4 3 #3 4 (3#) 4 44 44# 4#44 4# 

4 44.

(D CS50CF

CS50CF4 ^144i°£ 43. 7%#4 44 444s. 4444 444

43^4 #44 444 4444. &4 St##)#### 4#43 $14 
^4 4^-4 #34 S### ^ ##44## 4444 4# 3#4 4# 
44. #44 333## 44M 4#4 4 #3 5:4# #443#3 #2. 
#44. #4#4 #4444. 33#(%)# 4 40%, 5%##444 pH # 
6.8, 25C44 33# 85 cps, 4# 1.15 44.

4445 ###4] 441 0.2-l%(33# #4)4 443- 43 s# # 
# 3 7>44 4#44.
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® CS40CF

CS40CF# 4 s### 3#3 #4444 #4&4-7l- #34

*433# 3*33 442* ^7\ 7>^«V7l 4*4 #44 *

*4 4 = 4*4 #43#* #*44 4^*4 4^^-* ^0||A^ #4

4*4 **44, ##4 471-3 4134 #44# 42# * $14. 4^ 

#4 ##4 #*4|3 4*43 $1# #444 44 44 2#47j 43-4 

4=1-4 44 =4#4 444 &3, #444 44 4^3444 ^33

3. 13 44# 4# 4 $14.

0 LDPA-40

LDPA-40# #*4-24-#*#*4-3#433 3.444# rf^ #4

44# 3* #444 4## *7l 44, ****#4 134443

4 4#€4-. #W* pH* 444 #4"# **4# 7j-43 $14, #4 a# 

*4* 44443. 1# 44# #4# ^ 44# 4 44#444 M 

4## * $14. 5% 4-2.1-4433. ^## 444 4# #3, 4# # 

44 14*1# 444#, 44-4#4 ## #4 4444-. 44:44 4 

433.# *#4 44-44, 3# : 0.06%, #444 #4 #4 # ##4. 

2%##444 pH# 7.544. #4*4 #4444.

##33.# 343 #444 43* 44-444 4#4 334443# 

#44-4 44 4344# **41*4 31 #4 *4 44 4#4 44## 

44 44#4#4 444 -8-44#4 4#44-3 444$14. 3# 4s. 

4- 33. #444 434443 4## * $134, 4### #4# #3*
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#444 #4, 47^4 a?], #4 444 ^4444, 4&4 5.

&4 ##4 4# 0.2-2.0%(Ji^#/#4#)4&44. ^2^3.4 A}-§- 

4 4#, #4 4#444 444 #44 444, 444 4444^ #4 

44# 44 4#4 jL#m#&j44 #4 #4 4 44# 4 4A4, 43-# 

@1# 44#4 #444# 4#4 #0.4, ##44 4^## 5443. $1 

4 44 4#4 £5, 544 #4# #444 #4 4## 44. 

LDPA-40# 44444## #44# #4 4#4# ojo.4, 4#4# 4 

44.03. ^4m I00kg4 444 0.6~2.5kg4 ^7}^mm ##4 #4-7} 

M, 4 4 #4 544 54444 4#44 4&4 44# 444## 

44# 44.

47}## 444Am 0.l~l.0%(Ji4#/3i^#)4 47}m ##4 #4#

4-# 4# # 4#4, Ot 4444 44mM# 4# #4(4^44)44 

4#4 #4 ^ a4#4 4#44o} 44.

444 a 84 %7H 44#4 ^ ;}4 44#444 444 444^4.
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7-W

%ERY
1
£ 4 ^ ^ % it

2)1 4 4 4 ^
u "3" —

CHm*RE40 t44-Sg444 42% o o 0 o 53, 5XM&44 47]tMSfil sfliit 01-05 -33- #44
T (HmtRE4tD 444=1441 4% G 0 m fuwi -m 01-05 -33- 4=14
n O-MHHSEsCF #4?1^43ft 30% O 0 o c 14#M % Ql-1.0 -23- 4=14
& CHmH«i30XF #zMs&tNiSs'43% 0 0 0 0 4444; *l»]BPl] 7°ri 03-15 QQM4 4=14
4 ajRASffltEbSQi' #e]f]a%#s#-4% o o Q 0 03-15 Q01°M 4=14
4 UMR PWA-4) 0 c o 0 <3t44; ?14°l3Pl] -Pri 03-15 01<=M 4=14

5N3W4) 45@#%&44C% 0 0 w c 03-15 -35- 4=14

4
4
s-
4
4]

LQV1AR D 42g#B±#HQC% 0 o 0 o 71MB hevixMtK 4S. 0208 -35- 4=14

41
4
7]]■g

HM
sn-hsfhiwitm: 20% o 0 0 0208

44
1M4

4
41
4
4 SN-USH2«ANrSE2S 4MN] 100% o 0 0 04-1.0 0144 444
71]
4 shnisrasANraam lel°M7ll 50% o 0 0 4M%@441 02-10 0144 *=|4
4
7)] TENLO70 4444) 100% o o 0 4R§%4@44| 02-10 0l°14 444

ir
7°r

7)1
NOKDWEISO 50% 0 o 0 0 %3@44e44l 0206 0.1°M 4=14

NOKD808H,4
71] SN-DETOAMER 483 44441

441541
100% 0 0 o g7#l#3{ip|a]o,] ^3844 O-Jl 00502 57 *1=14

SN-D&TMMER 485 K0% o o C) 00502 144 4°14
£

NOPCO OX 100% u 0 ^184442* 0(502 0544 444
5
7)1 SN-tem-E? 4|4#4I 100% 0 0 #M14= flH°]Mp]| % 00503 0144 4=14

5013 100% 0 o o #qaw& m 00503 Q144 444
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*ii 4 s ya

#44 2%!! ##444# g%M- 4# #A}e| 4^4^ #4

444 #44^7}. 44444. 444AS 34#4 #^44 # 441^ 

### 2^1### 4 4 #4 #44 444Ai# 24-714-^^1 3#2# 

4 #4427} Ap^ui-. 44# ^##45. ej-7] 444# 7144: 4#-A 

S- 4#444 2# #4 71444 44 4444 #4# 37114# ##3: 

44 4-8-44. 444 4*4 44444 #44 4444 s44 a# 4 

4444 444 #444 444 4^4 -8-444 444 #44 444 

444 #444 #44# 4 7j444 44 4-3-44. #4#44# #71 

#4# ^44 44 444 4#4# #44# #4471- ##4-AS 4# 

44.

4] 1 ^

4 44# Andresen pipett(2%! 5)# 4#44 44 4 AS. #44 #4 

447} 444 444 S444 4 4444^14 471-44 #4444 # 

#44 42^s #4 ## ##4#4 44# 44 444 4#4 44# 

#44^4. ##4424 ## ^^4 4s# D(v,0.5) = 0.83

/on, D(v,0.9) = 1.98/m, D(v,0.1) = 0.31/an, D(4,3) = 0.98/an, D(3,2) = 0.65/an, 

5/an°147V 100%, 3/an4 #4 4 1.1%, 2/an 4# 3/an4471- 4 8.6%, l/an4# 

2/an447} 4 30% 44, l/an447> 444 4 60% 42-44- 4# 0.4/an4
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4 w 447} 444 4 43%# 44% &4^ 44-44 ^^1 44

Specific surface area -c- 9.6872 sq.m./cc °] 4.

Fig. 5. Apparatus for dispersing test(Andersen pipett)

44 (pulp density)^ 5%5L5|-ji_ Andresen pipett4 #4 point

(sampling44)^ ^ 20cm 44^-& 31444 10M4

A.g. 10ml4 sampling44 zt 44 #4 4^ 44444 W 4444

44^3E(pulp density)^. #4 4 #444 ^-4 64 44-414

4. nfJ44 44 44 4444 f 60444 4 4w #444# 4
4 4#7Ma. 44^^(pulp density) 5%# 44 4444 444 444 

4 4 4 44. ^-444 ^ 5044 4444 444 444 44
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471 a] 3)- 44. 50# 4# 120344 # sampling point °H 4 S| 44#£ 

(pulp density) #7} rate# 0.1%/e4 4# 44434, 1203 43

34#s %7\7\ #444 ewe ws. 3.4- 4 4# 3344 #3-

e-n-44# #44# ^ °.s. e e 34.
71# 7/r 334 3 44 47/7}- Andresen pipett 884 u°] 444 3

##^7} 4^;]] 344 #7}# ^^14^3. 33^ ^.7] # #3
33^^34 20cm43(7i4 6)4 10cm43 43# 3444 zz. 4344 

444W 34# 4344 3 n84 W484. I0cm43 43444 

44#s 34 44 33433 4 50344# 3484 &4 #^4 8# 

5%# #4 4"4 71 3^# 4 4 3-#.4#4, 71 ti] e 44 0.1%/e 4 4. 

4 333^ 0.83pm3 &433434# #33 # #4 3343 34- 4= 

50344# 44 333 333^# #44^ 3## 3 * 384. 4#4

^@33^ D(v,0.5)7} 2^ 4#4 3 7}# 33447}n}7} 4^ 444# 3

3# 33# #44 4 4" 444.

w s# pH 4#4 4# 334^# #4 &4 444 pH# #3 ^

10, 11, 123. 444434 344 3# #44-4 33#a ##44 7%3
4-4-484-. pH^#4]3.e NH40H#4# 4#4-8A4, sampling#

4# #44e4 20cm43^.a. 84 #3 3-44- #84-4. pH# 2:34 
4 8# #4444 3i- e#434 4 8484 443 4 65%3S_4 e 
3## 3.443 pH 10 44-44# 4 70%4#4 33## 3.4Jt 4 3 
4# 4 2043 4344 #4443 4334# 33# 4 344 444 
4 3 344 4334. 33# 4*343 pH 10-11847} 33347} 7}
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Fig. 6. Pulpdensity changes depand on various times
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■A— pH 10

60 -

.52 40 -

20 -

00:00 24.00 168.00 192:00
Time (hr)

Fig. 8. Dispersing rate depends on various pH without surfactant
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- 4 #4 44 #4.

44M44 ##4 ## 4 #71-44 44 ##44 #4444 a^i 

4#* 44 #* 4-4# a4 ## 44 44 ^444 pH 10-1144 7} 

#4444 44 $4 44 4*##, pH 1044 444 #44# 444 

?1444 44#444 ##4 44 #4#4 44# ^4 94 444534. 

444 44#44# 4#4##**4-#*o] 40%#4 $1# LDPA-404 

#4#4 #44####4(42%)4 CS40CF, #44^-#4 #-##4 ^4 

#4 CS50CF #* 0.5% f#^## 4*4 zi ^4 &4 4 #4 #4# 

#44^4 44 84- 4 #44 # 4 #4%47} *### 4 # 4

-0.4 44#^44 ##444 # &47l 4 30%44 447} 4# 4 # 

4*4, LDPA-404 #4^471- 7)-4 #o} ^.444 # 54 4^] 44^ ^ 

4#4 90%4#7j- 44, CS40CF4 4# 4 85%, CS40S* 70%4 #4# 

# 7j-44 4 24 444 444 LDPA-404 4## #4*4 44 4#4 

4* 45S#4 # §14 #44-^7} #444 NOP 50* 444 4

44# #4*4 5 - 10% 4:5 4^=4* 44# #44. # &4#*4* 

#444*4* LDPA-404 #4&47} y}4 ##* 4 # 444.

## 104* LDPA-404 44 47}#* 44444 44444 *##4 

44 444 44 #44 pH 104 1144 #714# 0.3 - 0.7%44 444 

444 #4444.

#71-44 4# 4# pH 1044 11* 0.7% #7}M*44 4## 444 

#* 44 4*4 #4## #44 #7144 4444 4#4 * 44# 

#44 4* 4 4=44. pH 10, 114 4# #71-44 0.3%44 #444 *
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--- A- -- NOP 50 
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--X—- CS40S80 -
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Fig. 9. Dispersing rates depend on various surfactant at pH 10
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192:0000:00 48:00
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Fig. 10. Dispersing rate depend on various concentration 

of LDPA40 at pH 10, 11
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24# #44# ###4 95%4#33 44 #4% ###4# 4 #3 4
## # # $14. 47}^=4 Q.5%# 4fc ###4 4 90%43# #44 
4 47>4i: 0.7%3 ## 4# #### #44 4444 pH 10'S 4 # 

##4 4 70%, pH 1144# 4 55%3 3-44 44- 4# 4# # # $1 

4.
# #^4 444 43.4 ^#4 3 0.83m# 44 #4# pH 10414 # 

441 0.3%# 47M14 f#4 ^44 ##4# 4& 2444 #4 zi4 54 

#4 4 (A, B)4 ##44 44 44 #7}4 #3#m# #44-4 ###4 

# 444-JL4 4-44. ^4 11# A 444 #3#4#4&3 4^337}

0.9lm lm 44-7} 4 55%, l-2m 447} 4 35%4^4 #3 #^# 3# 

4. n4 12c B444 #3#4 ###3 W#37} i.05m, lm 44-7} 

4 47%, 1-2.3# 447} 4 45%43# 4^ #&# 344. 444 43# 

3&44 4r f 4^4 44444 #4433 €-44?} 44 444-4 # 

44444 ^#437} % 444# #43# # 4&4 ^#43 44 

^4 #47} ## 433 34 zt^ 104 44# ### 95%4 44 #4 

4 ###4# #4433 4#4-4 m3 44.

4 4#4 44 4 #4 ## #44# #4433 4 m #44#

#4# ##44^4 4# ##4 m#4 #4 #4 4c slurry#44 ^ 

#-§-44 4# viscosity# #44-334 ###41- #44—3 #4# m 

44. # 44#44 #44- 4 ##44 #s}4 #5}4 slurry4 viscosity

7} #44} 4jt, 4 ^4 4-^3}# ### # 4 #4 4 c #444.
# #444c 10% slurry# ##4 viscometer! Tokyo Keiki co., Ltd. 

Model B viscometer)#. #-§-#4 ###44.
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Size
pas.

% | Size
under jj pas.

%
under

Size
pas.

% | Size
under | pas.

<
under

0.10 0.1 I 0.55 25.3 2.96 97.2 1 16.3 100 |
0.11 0.2 1 0.61 29.7 3.32 98.3 18.1 100
0.12 0.3 ! 0.68 34.6 3.69 99.0 1 20.1 100 |
0.14 0.5 ! 0.75 39.3 4.10 99.5 1 22.4 100
0.15 o.a 0.63 45.3 4.56 99.7 i 24.9 100
0.17 1.2 0.93 50.8 5.07 99.9 27.7 100
0.19 1.6 1.03 56.3 5.64 100 1 30.8 100
0.21 2.7 ! 1.15 61.9 6.27 100 ! 34.2 100
0.23 3.9 1 1.28 67.5 6.97 100 ! 38.1 100
0.26 5.3 1.42 72.9 7.75 100 : 42.3 100
0.29 7.0 ! 1.58 76.1 8.62 100 ! 47.1 100
0.32 8.9 1.75 82.8 9.58 100 52.3 100
0.36 11.3 1.95 87.0 10.7 100 ! 58.2 100
0.40 14.1 2.17 90.5 11.8 100 1 64.7 100
0.44 17.4 2.41 93.3 13.2 100 71.9 100
0.49 21.2 2.68 95.5 14.6 100 ! 80.0 100

Result souTce=SaoBle 
Record No. = 0
Focal length = 45 an. 
Presentation =stnd 
Voluae distribution 
Beam length = 8.2 aa,
Obscuration =0.2354 
Voluae Cone. = 0,0047 % 
Residual = 4.705% 
Model indp

B(v,0.5) = 0.91 pa
D(v,0.9) = 2.14 pa
D(v.O.l) = 0.34 pa
0(4,3) = 1.0? pa
0(3,2) = 0.72 pa
Span = 2.0 
Spec. surf, area 

8.6607 sq.a./cc.

Silk
.1 188

3

Fig. 11. Particle size distribution at point A
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Upper % Lower % 1 Result source=baaBle
bize m Size under I Record ;4o. = 0 1

? Focal length = 45 an.
3.49 2.1 2.33 96.3 i Presentation =stnd
2.33 4.9 2.30 92.0 | Volume distribution
2.30 8.9 1.36 33.1 I Beam length = 2.0 an. j
1.86 11.9 1.51 71.2 1 Obscuration =0.2215
1.51 12.5 1.23 58.7 1 Volume Gone. = 0.0049 i i
1.23 11.5 1.00 47.2 Residual = 1.577%
1.00 10.7 0.31 36.5 Model indp
0.81 9.3 0.66 26.7 i
0.66 8.5 0.53 18.2 | 0(v,0.5) = 1.05 pa 1
0.53 6.6 0.43 11.5 0(v,0.9) = 2.21 tin
0.43 4.8 0.35 6.8 ! 0(v,0.1) = 0.40 tin j
0.35 3.1 0.28 3.7 0(4,3) = 1.17 am 1
0.28 1.9 0.23 1.8 0(3 2) = 0.83 pm
0.23 1.1 0.19 0.8 Span = 1.7 !
0.19 0.6 0.15 0.2 Seec. surf, area
0.15 0.1 0.12 0.1 2.2873 sq.a./ga. 1

&T *
in

Lower i 
3i ze under

30.0
64.9
52.7 
42.3
34.7
28.1
?d

9.91
3.04
6.52
5.29
4.30

0.0
0.0
0.0
0.0
0.0
0.9
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.2
0.8

30.0
64.9
52.7
42.3
34.7
28.1
22.3

iy
u
8.04
6.52
5.29
4.30 
3.49

100
100
100
100
100
100
100
100
100
100
100
100
100
99.9 
99.7
98.9

y. 58

Pan-taole also (un) .

Fig. 12 . Particle size distrbution at point B
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-§- 4 3] 4 of# disc# cylinder'll # 5l # torque 7\ #7a # #4 °i

# #513- mechanism# 4##7ll 1341 ##414#.

Fig. 13. Operating principles of viscometer

zi%l 14# 41# #441 ## # ## viscosity

##7f# ##41##. 41##44M ##41 #41§H ^7f^ol #<4#:£ 41 

til 0.3%a #7HM1 44 viscosity 7> 4 4 #41 #^## ### a°H 

n o|Aj-o| ^7>44]x-i^ 4A] A^A-]§) #7f?M 0.7%ol#4H# 44# °1 

#4. # #44 7}44 4144441# LDPA-40# CS40CF, CS50CF 441
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100

—■— LDPA40

CS40CF

A CS50CF

20 -

o h—|—i—|—i—|—i—i—i—i—i—r
0.0 0.2 0.4 0.6 0.8 1.0

-|—'—i—'—r
1.2 1.4 1.6

Concentration (%

Fig. 14. Viscosity depend on various concentration of surfactants
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°lir viscosity7]- 7>4 4# 4# LDPA 40 °1 4.

15# viscosity7} 7} A 4# LDPA-40# 4-§-44 pH# 10, 11, 12

3. #444#4 pH4#4 4# viscosity^ #4# #444 444 

# #4 4^444 #4^ 4^. 43. A]- 4^4.

n^oflA-i ti# 44 #0] ph #44 44 viscosity 4° 1 #4# 4 pH 

11^47} 714- 44. #"44 viscosity ?)- 4# 4#444 4

4 444 4# 4444 444 #44°l #444# 4# 4444. 4
zi#44 ## #4# 4:4 #444 4# #44 444# 444.

444 #4# #444 ^.# &4#4## ##44#4# pH 10 -114 

4 LDPA-40 0.3-0.5% f#4# 444# 44 #43:4

A AA #Ji, m# 4#44 4^# 4#4 44 4#4 #44 441# 

A}# # 4) 4#A||#4I4 E5j#o] ^-^44 ^#4.
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100

Concentration (%)

Fig. 15. Viscosity depends on various pHXsurfactant LDPA40)
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4] 2 ^ tH: ^-#4]

1. 7H_a.

JLn}7\ 7} ^1 d\] t### 7)^#x]-# JZ4l5#°f| 4# #4 #4# 44

## &#4 #4 #4 #441 °]4 # #1# 4 4(adsorption)4 #a ##.

4^|# 44## 7]4]#4# 4^ ^ 444 <^4## #S#

44 ##4 ^###_ 44# 43)-^ a4|4 #4#7^# #444# 

(#41), 444 d:#! 44# #4* 444# 114 #4.

44444 #444# ##44SS ####. #4444 van der 

Waals444#as 44, #^4-4^4 444 44# iss# °1

14 #44SS 44# 44^4 ##7} a44#4 4#SS -§"#4 4 

4 44a. 14# 4 $14. 44-1 °14 44 #4444 444114 4 4 

4s. o]^ 4441# ^^4.4., s# #4444 44 44#44 44 

7]*114 4##44 4S4, #44ss 444 4414 44 244 11 

(14)41 4##s 444 #4.

44 #4444 4444- 441 444 4=44 #41 #3:444 4 

1#b.s, 444444 ##### 441 44 4444 1# 44 44 

4 444. 444 #4444 4s# #4a 44# 441 144 44 

#4444, ##4444# 144 44 #444 ##4.

s# a4 #7}#4 #44 44 44444 4# van der waals#44 

4# 4-4SS #4- 5.14 7j41### 4444 #4# #44 4 444 

4. 4 1# 11# 4##4 4# &41444 4#1 4 #11# #1
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444444 4££ #4## 4#4 ## ### 444.
444 #£44 (#44 4 44 ##4 ##) #44 4 44 W-3) v# 

#44 @44# 7] 4 4-4 p, &4#7]@- Poofl Lfl-y- 4-44- p/p^ 43.4

# ^.2flS7l- #4### 4 4.

#44 441# £&4 44]£@ ## ##£@4] ^7}44 £-4### 

444]4 4@ #7M]£ 4#4# &4@#4 #^l|# ^7M1 @#44 # 

@£4# 7}%]J7 %144=

444 444 £&# £44 4&£ £44 444 4444]7} 7>4£ 
44 444 #4& 44444 #£ 4 @44^ 44 #£44. 4 #44 

7}4£ 44 4444 #44 4444 #£# 444 44.

4:44 444 44 44 #44 £44 #444#4 particle shape £ 

44 44 4-S-4 #444 4 s particle shape7|- blocky type 44 cubic 

type££ 447)] 44 #4 ^ 444££4 ##4# @447]1 44/^

£-44 44 4# #4 4 44 #444 44 4# 4444 444# 
£#4# 4# 44# 4 #4 4. 447-] 0)40. 4^444 44

44 ##4 particle shape °1] #7] 4£4 44 ## ##4# 4 44 #°H 
44 #44 ## 44# 3744 # #44. £ 44 #4 44# 2000°C4 
44 £1 4 £#££ 4444 #4 444 4 4# o] <y<^v|-£s. e}# 

@@44 4# @# 4#4 #47]- #@4££ @#447]- 4# #@-44.



- 2. 3333
* 39449 43# #3414 *3* 3* 344 355 534

3 4 43*#4 4 #4 343* 413#5# #34. 35* 433# 

534 4344 433## 3#### 4#* #544 *#4* 9#4 

4# 3344# 4*3 4* oil 444 3*4 3 44 334* #44

4 #4. * slurry#44 4*4** 3*4 34 33 355 53* 4 

33## 53* coating## 433#* 9*4 ** *4 *4*44 3 
3343* 434.
35534! 33* a4 *44 33# #44 3353. 4*9 3*

4 #4433553 Aqueous solution of Alkaline, Permanganate,

Hydrogen peroxide, Ozone solution ** 4*49 334 #5#, *4 4 

3349 Fluidized bed of air and graphite# *44 4* 35 3# 4 4 

4 Milling#355 534444 99 334 34. ##43 3354 * 

44 3 334 coating 4*4 45 1444 43# 434 44, *4# 

334 3449 *443 334 54 #53, Fluidized bed of air and 

graphite 33549 *44 ** 35 34444 Milling3V355 534 

444 99 334 54 #49 4* 4& 33* #44 3 9 $134.

* 3344 4*3 349 #4 *3 &4 334 #539^ 4] 4*4 

33 345 7W45* zt3 164 ## 39*## #5#4 44^34.

3 349 33* plant3 4##4 33#43 34(43 1)5 3 34 

4 34# 4*3 453344 *5#4 4344 3# ##9 #5 33 

* plant! #3 data5 4*3 9 39 33 4 34. * 3344 4*3 

34! *59 4533* 2 liter5*4 5 liter, 30 liter* scale-up 4
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bench scale 4)2.44 #4 #4.4. 2 liter# 4 4 44 # ^14 4# 44.

444 444 4# #4##4#4 4]^ 4 4^4 4# #444 44

& 4%)E 4#S.3t# (KR-96(C)-20-2 44#4#4 #7}7l-4 %4 44,

%##%%##, 1996)44 44% ZL^ 1644 4444 4#4 44.

1) main power on

2) sealing 4444 444 on -» ®

3) chamber 44 #(2.324# circulator 44 heater power on —»■ ©

4) lotating shaft # 444 4 4444 —» (D

5) dry oven44 444 #32-4 sample 44 —* ©

6) (2)4 vacuum pump# #44 Ci)4 chamber 44# 444 4444

4.

7) (3)4 chamber444 5 torr4)2S. 4444 (D4 lotating shaft4 4 

4#)2# 400 - 450 rpm 4)2^ 4#4%14.

8) ®4 chamber^##)2# #44 #44 4-2# 100-3504 44 © 

4 ###44= 4 heaters. 5:#%4.

9) ©4 chamber4# 4#S.7]- ### #44 4)2# 101 —103 torr 4 

4 ©4 vacuum pump 5. 32444, 44% 4#4 J2##% vacuum 

pump4 4## #4444.

10) 44% 444 44 4 #44- %&4 4 ®4 gas line# open#4 #

44 gas(# #% °)14 # 4# 4-# #7))s. #4 #5. 4 #4 44# 

44 &4 44 44%4. #4# 43: caoting^s.

4 #% 4#4# air compressor# #-§-, ###7l# 4# 4# ###
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44% M

11) M4e41- SI5-5]^ 4#* s]4%4.

<Z>

Fig. 16. Schematic drawing of grinding and surface modification 

equipment.

oHM Mfr dry oven444 44%3 a.# ^-^o] 04^

4 0.3.

-zr if 44 4 44 4?! a44 -*fr^l 4444 graphite 4 oxygen contents]

3.7)1 444 4 graphite 4 oxygen if 44 4 -a 4 °fl 4-4% mill 4 4 4 dry 

grinding#^ iFif air4- oxygen4 -44" /]-?-# 4

4.
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4 44# 43# #W# % 344 43-47)

444 graphite #4^7]# lgm#4& 4^4# ####4 4¥4 4-4#

444 #44 M# 3# ### 444 ##44 #444 ^a. 444- 4 

4#4 4# Oil filter# 44 444 44, #4, 44a# 44

coating# Oxygen #44 4^1% 44, 4wt% 444 #£# 44 ##

# #44 #4 #4# 44444# 444.

H 44 5151# 44, Oxygen# #44 #4 7] 4 44# dry grinding4 

2.514 particle# oxydization# 4444 444 4#4, 1 4451 4## 

44 100~350mesh# graphite# dry grinding44 4 vt 4 4# 3.7}% 0.8 

imS. 4 75. 4^s. sz-y-ft 447)44 71-4444 2 4d)5. dry grinding

# 44444 4^8# #44 graphite ##4# 3-5 %?)- #4 ^44 4

5:## 7)# #44 4#44 dry grinding 44. Graphite# dry grinding4 

4 #4 5.44 oxygen# 4 4 # 4 (chemi sorbed)01 444 44# 4

graphite #44 &4 444 4444, oil 444 #4 #4# 4344 

critical factor7f #4. #4 44# 44(4# coating)# #44 mill# ri] 

#4s# 100 - 350G 44 444444 44444.

44# graphitej£44 44(coating)# 488# 44 44# gas chroma

tography 4 48844 #2. 44444. gas chromatography# #4 3 4 

444

CD Tube furnace# 4 750 °C 51 heating44 

(2) 2.# volatile oxygen compounds# Si4#

® 10604# 444# # # Helium2.51 44 active carbon##44 #
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© 2.# oxygen compounds7j- carbon monoxides converted5] # gas 

chromatography 4 # ## # ## # ##. # carbon monoxide# ##2,5. 

graphiteS.Sis] oxygen### 7)]## © #4.

3.

zt^ 17-22# coating#-## ^ ###- Milling## ^ mill

shaft# # 4S}-##1## mill jar### ^Ef ###71## ##

## S# ## 44 44# 44. zt# 17

■& coating#S #--§-## mill jar### #S4# 1 kgf/cm2# # #

#Zt mill shaft# # 400 r.p.mSS. ul# ## ### 100 —

140t 4# ####### mill### #-# 4##7} a# ##

3=#-#.##..

17# 3| 5# S 0.8/m # 5-it ##2_S 1 kgf/cm2"## # rotating

shsft# 400 r.p.mSg. 21## # 4-8-§-7l(4^#-§-7l)# ##

#5E# 100-140t ## 20t ^###4# S4## #^1

#### ###5. ## #U]S #### 44# 44. Zl^## s# ##-

^:# ##&# 4#-§-7l ###Al #^4 ^#44 3#### 30

# ### ©## #7>## ZL ### 44## #7>##. .

4#-§-7l ###^j #^z4 444# W# #S# 140T©M#7l- 7j-4 # 

4 4-8-## 30# 4#^ 4^ ^#4# 4 3.2%, 60# 4 #4 3.9%##.

4:## ### ^## #4# 7j-4 ## &4* 44## 4d: M4# 

3 - 5% #2.3. ##4 #### # #, # 44 ^4 ^ 4^4#
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100'c

120 °C

■ 140'C

O) 3 -

Time (min)

Fig. 17. Graphite surface oxygen contents depend on various 

temperature at 400rpm in inner oxygen gas pressure 

lkgf/cm2
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lkgf/cm2 , rotating shafts] $] 4#S7|- 400 r.p.m 44 -,± 444 44 SS

7} 140t44c 40S (42:^4# 3.5%)44"4 44444, 1201C Mir

60S- 7HV #S SS&4# 44# S $1# #4 S4|# 4

SS $14. sie]4 S£7f 100°C M# 4S 90S 44 4# 44°>4 S 

2:^4^= 4 3.5%# 4# f $14.

18# -t]4 #4# S4°fl4 rotating shafts] 3] ##:£# 700 r.p.m

A& &4 444 4444# S4 44^] ^W4S$14. :±444 SS 
44 44 rotating shaft4 44447]- 400 r.p.m44 700 r.p.m-P-5. 44

4 44 4^444 ^#4 #7]-4^f-# # S $14. 4 4^4 ^4s] 
^#44 4 4-0-444 10S 4 s]4s 42i&44# Sss]- 44^14 4 

4 3% 44 4S4, 20S44# 1401:44 4 3.5%4s S S^44 4 s. 
44c 4& 4# S $1S4, 4-8-444 30S4 4^4 120%:44S 4= 
3.5% 44s] 42: ^44* S44. S4 100 r s] 4#^ 4-8-444 40 
S4 4^.4 44 3.5%44s] 4^44^r 4# S $14.

SL# 19# 4# 4# 2kgf/cm25L # 4 21 rotating shafts] 3] 7] # -£ # 400 

r.p.msa. 44# 4 42zS4s] 44444 4-8-SS ^ 4-8-44 444 

44 Sdbi-44 44# 2:444 44444. 4s] s4 184 4^44S 

4 42:44 lkgf/cm2 5. 44 44 4, rotating shafts] 5] 442.7} 400

r.p.mSS 44^4 44 42:#4#4 444 44### 4 4^ $14. 4 

4-8-444 30S4 44s. 42i^4#4 4 3% 4^44 44 #3. 60S 

4 44 140t44s 4 3.5%4] 444 ### 4 4^ $14.
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5

—A—100 °c

2 -

----- ,---------- 1---------- 1---------- 1---------- 1---------- r
10 20 30 40 SO 60

Time (min)
Fig. 18. Graphite surface oxygen contents depend on various

temperature at 700rpm in inner oxygen gas pressure

lkgf/cm2
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5

—100%) 

* 120%) 

— ■— 140%)

O) 3 -

2 -

----- 1---------- 1---------- 1---------- 1---------- 1---------- r
10 20 30 40 50 60

Time (min)
Fig.19. Graphite surface oxygen contents depend on various

temperature at 400rpm in inner oxygen gas pressure

2kgf/cm2
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zi4 204 44.4# 2kgf/cm25L , rotating shafts s] ##4# 700 r.p.m 

—-S. #4 44#4## SA>sj-S4. 44 zl44 4^44 # 4 #4# 

^4^1 Al ^|4#5 4 700 r.p.m5& #7}44 #5^444 444 #;)- 

#4 4##57} 120°C 444 ojey #-§-/.] # 30^44 #5#4^4 

3.5%444# 4 # 4^ #-0-A]#ol ^= 50^- 5]^

4% 444 44 ### 2:41- 4# # $14.

4#4# 4^A]nt sjx^if 700 r.p.m^.g.% zt^ 184 4 3-44 #

4 #54 54# rotating shafts £)4#57l- #5#4M1 444 444

44 4## f?} 44.

444 44# 4444 #5gas# 4444 44 #4 4 441 5444

#5# 44 coating A] 4 ji44 4 7>4 4 44# 44# 4 A}# 4444

AMI 44 44# 44 #544 4## #4 4441 45441 4# 54 
4 rotating shaft-4 4 4#5# 700 r.p.m (Tip speed 3.9m/sec)55 4#

44 4 ^44 A1 4#4^ 30^, 4^. 4##5# #### #5

4 120T44 #4##44 &4 4^4 #4|7} #4444# #44.^4 

%54 5445^-44 4#^4 3.5%# 4#4 4# #7} 44.

44 4# #4 4^-4 #54# lkgf/cm^44 f#44.
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5

* 120%)

2 -

----- ,-----------1---------- 1---------- 1-----------1---------- r
10 20 30 40 50 60

Time (min)
Fig. 20. Graphite surface oxygen contents depend on various

temperature at 700rpm in inner oxygen gas pressure

2kgf/cm2
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net 21~22##4X# #3 coating4& #3 4)4 4#44# 4# 4 

$14. 4 # ##7)-4 44 2-] #4 4 air-compressor, air filter, cooler, air 

dry5. #444 $14. #3 coating 7)] 5 #3 t]]# ###7)# 444 44

# #3°)] 4# ^###44 4^ 42:44 44# 4 43 4)3444 

34 ^4447] 4444.

ti44 4447)# 44# 444 4 4 7}43 #444 4= #4.

air-compressor0!] 44 A<§## 4447)# 4)7)44 44, oil mist#4

#44:2 $14 4 #4 7Ltfl3 #4 44 #35 #47)-# 444444 4 

4 44 444 4447)17> 4444 471)4) 4 #4 # ##444 4
4544 #3coatingi- #4## ##s. 4444. 444 4447)5. #

4 4°)1 air filter, cooler, air dry #55 ## 4 oil mist #4 444 4

4# # #444°)1 ##4-4 &# 4 4 4-44.

XL# 214 #7]#- lkgf/cm2°)14 rotating shaft# 4 445# 700r.p.m4

5 5.44-3. #444 444 45# 3#4#4 #44 #4 4# #34

444 344##-. #44 34°)] 4 #3# coating7)) 5 44# 44#- 4

344 5# #3 4444 44: #44# 4#4 344. 4, #44#4 

304 4# #445 i40t°M 4 3.6%4 4444 3434, 3 444 

4544# 4= 3.3%#54 #34444 343 #4. 100r, 12014 #4 

4444 3.5%4#55 4#4# #4444 404 44444 #4 # 4 

444. 3^ 22# #7)## 2kgtW3 #4444 41 #34444 44

# 35)15 44. #444 lkgf/cm244 44 2kgf/cm25 #4445 #3

^##4# # ##7l 444 # 4 444.
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----A---- 100'C
*120%:

O) 3 -

2 -

H I 1 I 1 I 1 I 1 I 1 F 
10 20 30 40 50 60

Time (min)

Fig. 21. Graphite surface oxygen contents depend on various 

temperature at 700rpm in inner air pressure lkgf/cm2
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4 -
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ra 3-1

I

■ 140 X)

2 -

-1---- 1---- 1--- r—i---- 1-----1---- 3---- 1---- !---- 1----r
10 20 30 40 50 60

Time (min)
Fig. 22. Graphite surface oxygen contents depend on various

temperature at 700rpm in inner air pressure 2kgf/cm2
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#2] coating^g. 4-0-#^# 3-f-4 #444

#4^-7]# 4 #44 #4 &4 4 #4 &444 4^:# #4" coating# 

7] 2.x]-# ixfl 4 a] rotating shafts] S] #4^4 700 r.p.m (Tip speed 

3.9m/sec)o.3. 4# 44 o] ^oj]A] oV-g-A]^ 30^ 44 44, 4## 
S# &&## #A4 120t44 #7]##4]Ai &4^4 w.^7]- #-44 

#4# #4444 #A# &44d: #4^ 44#:4 3.5%#

#7} $14. 4 4 #-0- -0-7] 444 #7]## lkg#cnf44 #444.

4d:4 #7]# 4 #44 ^L«g 44| &444 4^h# #4 coating

44# 444 44 #444 ### #44 7^4 e 4## 44# 44

# #44% #4# #4 4^44 ^4 44^ go.7]7|j

4# #71 71 rotating shaft2] s\ 4#;£(700 r.p.m (Tip speed 3.9m/sec))4 

O] 2:^444 4#44# 3Q^_ 44 44, 4##^# #### #-9-4

120t44 -0-7]##o]]7i 2:4^#^ ^47} #4444# #44#4 4# 

4 &44^#4# was! 3.5%# ##4 4# #7} 44. 4 4 4#

-0-7] 4 #4 4di ## #44# 2-# Ikg^cnf44 ##44, #d:

gas# 4 #4# #SL4 ###7]# 4 #44 #44 7]# 44 #4

& 444# % 447} #^4444 3)^ 2^44 4-0-# #4.

4# 444 W404444.
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4] 3 ^ fM#4i ^

1. 7]]5

947V 7>x] J7 oli- 99# 5.7] 0)1 a]S^A-]c 944# 57]] X>o]7]- 49

4 4494 99 94 594] #9 94# 444a ^-7]]x>4]a] -B-^-i: 
#/y-A]f]o], ##^44 ^-7]#^ #44 944# #44# 7] 4^1] 5 9 

94 A] 9 #9 #4994594 #7]#coating# 4^4. # electrical 

charge distribution °114, water absorptive capacity 94] #4 #7] 4144 

#7] #5. 5.94 b] 49 944.

Coating 94##9 a4] 4949 994 #44449 999& 4#

4^94, 4449 49# #4## 44 #7]#44 49 4 coating#Ji 

449 #4]# 4-71 -g-nfl 9011 945 4944 4494 4&49 #

7]949 4 944 94-71-5 99#9 #4#44 coating#4 494. 9 

994 999 coating#54 #9 M 944 a?]?} &4 9o](>|5 &V9 

555 59941 coating#49 994.

99^5.5 444 #7]#4?V #54a #4 44 9# #4 44# # 

9# 4494 #4# #949 #47]- 95 4#4 #4 949 944.
594 U]9o] xT-^ 5# 947]]2] o] tij-^-g- ^o] A}^.%4.

#44449 9995-5 mechanochemical hybridization system# °]# 

494 9999 coating# 9 4 coating a] 7] 5 4 #9 #9# 5455. 9

#44 5 #955. 5149 9 59 9 capsuling A] 7] 5 94^5. #9 gas

#97] 944 9A]97]5 #4. 944 microcapsule4 7]e]5 masking

267



4 ##34 543 S3 ## #3SS ^“14 #44 S3 4

33 ^ #4#4 brittle# 33# 4#44, #3 4SS 4# #33 34 
33# #3434.

4#4 444 $143#, 443, 34, #344, #3#s, 4]s4#4 

43## 4 ##s44 44# #44 #4. 

a 94] a#;W M g z%3 234] &#;]]# #4# 444]%4.

°] 4# 4 434 coating#44 coating# ?} nxf 4# #44 44 #4

4 44]%4(### 3# 414) 43=4 #4# #4 43S& #4 #4" $1
4# 34 processing#3#4] 4-4 °] 34 4 4#, 3 w#3 #4]# U4 

4-§-#4. S# #44# 444 34# IL 5.4 (round type—5.)44 #Jl 

powder44 ^3# #4 #4. S# 44 #& 4# multi layer #3 4 # 

444, #44 #44 33=# #4 ## 434 $14. ^44 43SS# 

44 #4coating4 44# 3#S- 4—4, coating44 #4 SS 

4 #44 #44#4 444# 434 44, #4 coating# 4 (son parti

cle)# coating# 4 #4 4# #4(core particle)44 3 437] 4 u] y\ i : 

10 35L# 444 44 , ##444 hardness 44 44 44# 3]44 4

4. 444 ceramic## 4 ceramic## 44 3## Si4-7]- #4 444, 

ceramic## 4 #4, ceramic## 4 #4#, 4 44# S#4 3#

# 4# ## 5:4-# 44# # 7> 44.

268



ii 9 The effect of surface modification

Material Effect
—

A
Spherical 
particles of 
different size

8J—00
Surface coating

B
Irregularly-
shaped
particles

Coating, 
combined with 
rounding

C

Products of 
similar particle 
size but 
different 
grindability

*\C) -*°o Coating, 
combined with 
size reduction

D
Round 
particles and 
agglomerates

-~o° Dispersion/
coating

t
Fine metal 
powders

m-m Precision
mixing
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Fi.ie powder:

# Core powder:

Fig. 23. Powder surface modification technology
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2. 444 444 44

(1)444^

Stearic acid (CH3(CH2)i6COOH = 284.49 , melting point : 64 - 70.01

neutral oil : to pass test, mineral acid : to pass test, ignition residue 

(as sulfate) : below 0.1%) 9? Paraffin(CnH2n+2, ti 41 4 # 4 0.9)# #4# 

4 #71# graphite# it# 4 4 dopping A] 4 4 it4coating#71#.

Stearic acid# #4# #4&# 44 7f7t4 ^14## 4#444.

Paraffin# 4 ## melting point# 60~62°C 71 4# Ethyl alcohol# #4 

4 4#444. coating#it 4#4 Stearic acid 4 Paraffin# A1 sL ### 

# 5%-15%## #7} 4# 4444#4 4 #4# 4.
Stearic acid# 4* #4 4 #ir electrical charge distribution

4#, water absorptive capacity #4 #4 #71 ##44, paraffin# it4

7i] 4 #5. 4-## 4## #4 4#4 ##7i Ji7i## ### 4y\A5. #
4 # 4 paraffin base# #4# ### 4M4 ##4# #"£# #7] #

#4 44-. 44 5# 4 4#di44 #44#4#4# 44# #4

#4 #7l#f #7>fi #4 #4# 4 4 44 444 4# #44 444

## ASTM D-3233^4 444 44 44% ### #444

4-7) 4£°n 4# 4# 4444.
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Charateristics Test Method
Results

I II III

Falex Wear,

kg
ASTM
D-3233

100 i 430 900

° sample I : base oil P-31 : 100wt%

» sample II : base oil P-31 : graphite = 98 '■ 2wt%

6 sample III : base oil P-31 • graphite = 95 : 5wt%

4 it°ll 4 ## 44 4°] 44 °1 4444 Ss# base oil-314 falex 

wear 100kg4444 444 44 444 base oil-314 2%4 44# 44

44 #444 44 400kg, 900kg## ##44 4-#% 4

444 4444## 4 4 44. 4 #44 4#4 4## #4444 4

4 ## 4## ### 4444 4##, ## #4#4 4 4

4.
^-44 #4] 4## 44# 44# 4#4 #*# 444 44 ###

factors 4# 44. 444 44# 44# #44 44 444 paraffin#

# #444 #sa4.

# ##44 4## ### 4 ^ 44# test44 4## 4 #4 4]

# 4# 4 4# ##7> 4# 44# #54# 4= O.Sgm# #4##41 44

4#4 444 ###s a#44 #4 4# core particle 4##44# #

4 #44". 4# coating# (sun particle)## ##4# Stearic acid#
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Paraffin### 37} -g- core particle# 1/10 4*# O.OSjum 4** 7}4#

4*4 4*4# 4 4#4, ###- #### #### ## ####

4#** #44##-. o.Sjum &##*# #4 #*# 44 #44 4 

#* 4444 #44.

(2)*###-

444#*** #*4*4*#- #44 444 44# #444 #44 

** &44* 444 #*4 4*# #*#- 44-4 M 4# #4 44 

4444 #44^2 #### 444# #444 4# 4#4 44. & 4# 

#44#*** #4 44##4 #4# 44 #4# *#44* * *# 
*** 4*# *^4* 444# 444 #*4 444 ^4, 444 44 

4 44 44 44 #44 #7} #4# 44 43.4 444 #44 44* 

4#44 4# 4s4/r4* 3:44 4 4. 4# *##*#* ***# 4 s. 

4 44# 4*# #4 *4* ##44 **44 #* *4]* *#4;]] 
444a. *#44 4^- 4** ##4** ###44 #444. 44# 

#44 *£3. 4*4* 4*44 4*44 444 44 4 #44 444 

#4# *4* #444 444# 444 #*** **4# &4# * # 
4. 71# 4 4 4 #4 4* Stearic acid 4 Paraffin'd] #4 5.#coating4 
*4 4 #7}* 1- 44 \§o] 4*5]^ 4** coating *4* 444** 

#4444. Homogenizer# °]#44 #44444 4*4 4* #4 4 

* **#* 4** 4*44 44 54 444#4. (a)* Stearic acid * 
coating# 4°M, (b)* Paraffin** coating# 44 4.
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(a) Coated with stearic acid

(b) Coated with paraffin 

a}^1 5 Effect of coating with oraanic materials
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Stearic acid 4 Paraffins] coatings] JL40]] 44 s] 4°1 y\ 4 c 4 4 4 

44. Stearic acid 4 Paraffins] 44 4 444 #4| tflu] 15% 4 4# 

si4 44 cc4 coating &4# 4# 4 $14. 444 ^>4 44 4444- 

4c 7A 4 4 s.5L 4-§'4 s4 xfS) 4 5.4 4 (specific surface area

= 9.6872 sq.m./cc.H 4# 37] 4c-44. coating 54444 # 4 10% 

4 4 4] x1c Stearic acid 4 ParaffinS] coatingS] %4# 4447] 4—4 

15% 4 44] 4 c Stearic acid# 444 4#7} 44s] 4444 444

4, paraffins] 44c 44#°] 7]4 Sfr-| 4 4 44 paraffins] coating

^47} #4# 4 4 44.
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4j 4 ^ -n-7]#

i.

9 4# 4 a] 5 995 9994-# 44-5.3. scale-up test# 44# 49#

# 449 #4^4 9# #9|/#444 a## ###4
9# system^ # # ## 4## # ^ #94, 94, 444 ^4|#

44# 4# 444 444# 0.3. 4## 4-0-aM

41 #4 #4# 444 4^4# 4 #4, 4#, 49 #4 4^14 4-0-#

4#9#.5 #4 44549 315# # 9 #44# 94s. 4# 949, 
44 #4# 4441 9444 444(1-59)4 594 49 44#

#4 capsuling #94 4# 54 coating 4 9949 9434 Scale-up

test#4cK(4.^ 3)

:44 4 4 Table type ,

4 9 

4 4 

49#4#9

^419## : SUS304, Buff #250 

220V 60Hz, 100A $* 3 

250KVA

499444 P=5kg/cm2

# 9 700 liter/min

connector 15A socket lea
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° 41444 - @ 4 A 4 '■ max. 200g/bach

©33# 4 : llkw, 2P, Inverter© 3 414

©4 4 nr : max. 10,000 rpm (180Hz)

© # # 4 4 : 44### + "V" pully

© ©#©#© 4 : P=5kg/cn© ' 44 : 220V, 60Hz, 100A

©44 4 4 : front cover open/close#4 limit switch

(cover open 4 # ffijft)

© 7H # : ^4^## . SUS3Q4, Buff #250

® 3^r4 34 15HP 220V 2P © Rotor : SUS304 (P
250mm/water cooling

© control panel : tij ©©©5, main breaker, RPM meter, 

4441, Timer, Main44 : V.C.T 4P-3m

2. 44 4 #4

34 444 #414 3.444 scale-up test 3:44 443. 7134^414 

444 44 344 44# 444 (core particle ©4 44 10%), 44# 

coating44# #4©44 fb it444(rotor speed 15,000 rpm) 4 #4# 

coating4 capsuling44# 434 4 4# rotor speed 20,000 rpm© 44 

3:433 3444 443 4T444 44 4444- 4 4#iM scale 

-up test©33 4144 444 3# ^ 4=4# 7b#4# 4-44-34

4.

44 4444 44 344 ^4© 444-4 44-4 coating41 47)-^4
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15,000 rpm°]] 4 JE'S-i: round type-5.5. /H 4 % -#(4# 6) stearic acid# 

o 7f#4 1 44 Ail 44 #414 ordered mixture 44# 4 #414 44, 

44 3£4 “HI stearic acid# ## #44 4 4 rotor speed 20,000r.p.m5L5L 

4# #44 #4 stearic acid7} coating#! 4 4-1 44 #41# 4# 4 4

44.(4# 7)

°1 #44 4&4# #44 #4 #4& ##^#44 scale-up

^ 44# 71-444 4## 4- # $14.
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A}^1 6 Surface modified graphite to round type



4i 5 ^ a

^44 4^U55g.4 4455 *5 4454ojl 47>44 ^4545 # 

445 &4^*4 545 ^7}4 #544 5*54* 7}431 1%

4. *5447} 7>x] Ji ojfe- #444 #44 4444 4£# 4 4444 

###4 4 47)4 ##4 zitfls, *445# 44°> 444, 45 45 

444.

444 4 44 4444 444 44#4 5.44^. S4 444 444 

44 44444 444 44 444 44&4 444 44444 , 44

444 444 7114444^ 444 54444 44444 44444#

;li#43. s# #4&^4 444* 44444 4^544 44 4444 

4- 54# coating^ 44 4444 54455# 4444 544445

445 711445 454 44 455 454 54.

1) #45*4# 5444545 pH 10 -1144 444445 Lomar D 

PWA-40 0.3-0.5% 5544 4545 44 44&47} /}# ##, &4 
4444 4^# 454 SM 444 444 445 5554 45 # 4

454544 54# #544 #54.

2) 5*45 # 444 54 4544 444 graphite %

4a4# W44^. 4#44 *#5*4 454 54# 444 544 #8
#45, 545444 coating# Oxygen #54 45 1% 44, 4wt% 4 

47} 45# 44 ##* #44 54 *4# 444444 44.
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3) ### ^4# 4-§-#4 44 &44 #4 5444 4## ##

coating444 4^4 4%!: ##44 ### M4 7]-# # 4 W 4# 

# 444 #44444 7^ #3# #4 ###4 ##-& 5.# 7Mt\] 

437] Til 4# 544 rotating shafts S] 4 #5 (700 r.p.m (Tip speed 

3.9m/sec))# 4 &4444 4-8-44# 30# *1# 44, 4##3# #

#34 1201C44 #4##44 &44#4 #47} #4444# 

#4 4# 4 #34 5443#4# 4444 3.5%# ##4 ^7} 4

4. 44 4# #?l 4#s] 45 4-# #7]4# s.# lkgf/cm244 ## 

44, &4 43gas# 4#4# 3.8.4 4##7)# 4#44 4^# ## 

44# 3M #4# 4444 44 447} 434- 444444 44 43= 
44 4#4 4=44-4 444 34- 44444.

4) ##44444 44444 #4 4444 graphite4 oxygen content 

4 3.4 4444 graphite4 oxygen### #. 4#4 4## mill444 
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